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INTRODUCTION

F In the purchase description that the Research Institute of the

U.S. Army Topographic Laboratories, U.S. Army Topographic Command

published on 9 June 1967 for the initiation of this project, the

following statement appears: "The discipline of geography has shown

change and growth in its long history, and in recent years has made

interesting advances in mathematical and statistical techniques applied

to regional and systematic methodologies." " . . . but, before that can

be done (incorporation of new techniques into problems of applicd

geography), a review of the literature must be made to identify the

various current theories." This final technical report summarizes the

f" results of an intensive effort to search geographic and related liter-

ature and to elicit information about new research methods from profess-

"I ional geographers. The scope of such a project is enormous, and obviously

much selection and paring had to be done on the mass of data accumulated,

in order to produce a report of manageable size and coherence. In this

process, it is hoped that the "essence" of change in geographic method-

ology is reflected in the report, because certainly, comprehensiveness was

impossible to achieve in the light of the rapidity and volume of new work

develcpment in geography.

Li
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I would like to thank the many people who helped directly or

Si .indirectly in the preparation of this report. Dr. Roger A. Leestma ani

-- several of his associates at the Geographic Sciences Division extended

aid in many ways throughout the research effort. Richard W. Mc~ride

was the principal student assistant on the project, and his research

efforts contributed significantly to the accomplishment of the laborious

data gathering phase of the study. Joyce Polsac, Clara Field, and

Thomas Kramer also provided input which was valuable in preparing the

final report. The many geographers who took the time to reply to a

questionnaire survey also had an impact on the ideas that emerged-in

the report, and I would especially like to thank them for their cooper-

ation. Mrs. A. Becker and Sandra Harris, the indispensable typists,

performed cheerfully and well. The author, of course, must accept

responsibility for the final form and interpretation of the information

presented. I hope that readers will find the report useful.
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DEVELOPMENT OF GEOGRAPHIC THOUGHT

It can be said that geographic methods have changed very little

since the time of the ancient geographers, while the techniques geogra-

phers use have changed tremendously. The bavis of this statement is

the distinction which Russell Ackoff draws between "Techniques" and "Methods." 1

He defines techniques as the behavior and instruments used in performing

research operations, such as making observations, recording data, analyzing

data, and so forth; while methods refer to the behavior and instruments

used in selecting and constructing techniques. He concludes that methods

are therefore more general than techniques and thus the former are the

foundations on which the latter are built. Applying these ideas to the

development of the science o( geography, it is apparent that "an analysis

of earth space" han been the focal method for geographic studies from the

days of Strabo, Ptolemy, and Erathosthcncs to tue present time. The technology

and scientific attainreit of the socicty in which a scholor works largely

deteridines vhat dntal he can gather, the techniquL-s he can use to analyze the

data, and thus evtii the questions that can be answercd by the data and

techilques avn J.%11.e.

"I Ackmim , roi• .mmm I T ie iLtftim of Socmam iouimrch
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13 DEVELOPMENT OF GEOGRAPHIC IDEAS

The ancient geographers were concerned mostly with "filling

in the outlines of the earth and its inhabitants." 1  Prehistoric

man likely had a keen sense of place and space, since his major goal

of survival depended on accurate knowledge of watering places, game

trails, the probable location of enemies, location of edible plants,

and the location of cave home sites. In this situation, man was forced

to be mobile over space, because the predominant factors of the environ-

ment on which his existence depended also were relatively mobile. When

plants and animals were domesticated and surplus farm production

permitted the growth of cities, man's spatial perspective changed some-

what. Because his locus of everyday activities was now more fixed in

place, he had a need to define field lines, lay out city streets,

determine which market center could buy farm surpluses, and where com-

munication routes should go. Plane geometry was a technique used to

J! solve some of these practical problems, probably es far back as 3500 B.C.,

by the Egyptians and Babylonians. Power accumulated in the cities and

- again modified man's perception of his spatial domain. Boundary lines

around the inhabitants subject to an administrative - religious - economic

center became a practical concern; Information on the location, character,

accessibility, and resources of neighboring communities was needed to

1 For a discussion of these and other geographic tasks, see:

Ackerman, E. A. - Geoaphy as a Fundamental Research Disciljne

|.i
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effect trade and military operations. MWn's geographic horizons bad

.thus expanded from a basic interest in the needs of the individual

household to a "world-wide" concern with neighboring and distant people

and places.

The drive to accumulate encyclopedic data was i rred by the necessities

of developing civilization, whereas theoretical work was neglected because

it was not immediately useful. The Phoenicians compiled data on far away

places to aid their commerce with these lands. Alexander employed pacers

and mappers in his armies to catalog the lands he conquered. And the Romans

described travel routes in road books which crudely mapped roads, paths,

distances, hills, rivers, and rest stations. The Romans Strabo and Ptolemy

were the premier geographers of their day, the former amassing place des-

criptions of his Greek predecessors, while the latter wrote about map making

and place determination. 2 Questions that dealt with concepts and abstract

reasoning were most often answered by mythical teler, except for the work

that Greek geographers did concerning the size, shape, and generalizations

about the content of earth space. The place of geography in the academic

world was a puzzle to the Greeks, disciples of Plato claiming it was a branch

of physics, while followers of Aristotle said it should be regarded as a

part of applied rathematics.3 After the fall of Rome and concurrent with

the rise of Christianity, a period of some 300 years elapsed during which

learning was stagnant.

1 Thorpson, J. 0. History of A.,cdiit Gcography, pp. 124-130

2 Breek, Jan - G.oAprhy: Its Ssorlp ,n-J Ajpr , p. II

3 KMahle, Georo 3t. T. - .orp1y. In the NI1dl. Ans..



- -7-- ---- y-

t MEDIEVAL PERIOD

In the early part of the Medieval Period, learning in the

4 estern World was dominated by church scholars, while the latter part

saw the "resecularization" of learning. Geographic study in Europe

at this time, like all study, was devoted to an explanation of Bible

stories. With much geographic fact taken from pre-Ptolemaic work, the,

trdiscipline consider.d such problems as Biblical site locations and

the mapping of local habitations. Topics of the description of the

physical environment and the peopling of the earth were considered as

suitable vehicles for spreading Church teachings. Arabic geographers,

`drawing on the knowledge of the Greeks and Persians, added the most

[ significant contributions of the times. Hany Arabs were avid travelers,

ag aain in response to internatioual trade and international military

expeditions. Hen like Ibn Batuta, Avicenna, and Edrisi described laads

and peoples they had seen and even began to attempt simple scientific

gemeralizations on climatic and erosional processes. One result of

their intellectual endeavors was the establishment of some of Spain's

finest universities. Instruments were invented to sharpen the perception

-V of the eye and ear. Compasses, cross-staffs, and astrolabes aided sea

and land navigation and permitted a more accurate determination of location.

Reading maps, collections of written directions compiled by travelers,

were used by sailors as an aid to navigation in unfamiliar territory.

Kimble, George If. T. - Geograph_) in The Middle

-- - - - ----~i
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So it was by the end of this period, in the 15th Century, technology

j and intellectual curiosity were attuned to the rapid developments that

lay on the immediate horizon.

AGE OF EXPLORATION

An explosion of knowledge occurred in the late 15th Century as a

result of the trans-oceanic explorations, which in turn were made possible

in part by the new spirit of inquiry and the accumulation of learning from

previous centuries. Again it was an economic motl-i which justified the

expense of the explorations. Trade routes to India and the Spice Islands were

vigorously sought by competing maritime European nations. Initial successes

in rounding Africa and in the discovery of the New World generated more

explorations and again increased the rate of data accumulation. Subjects

such as geodesy, oceanography, climatology, meteorology, geomorphology,

hydrology, and of course cartography benefited greatly from the flow of

knowledge. The job of cataloging information on the size and shape of land

bodies, water bodies, and the sea routes among land areas was an urgent need.

This descriptive task occupied most of the geographers of this era, and little

was done to systematize the data for the sake of general explanations.

Accomplishments of the three centuries beginning in 1500 included more precise

surveying, the determirnation of time, size and shape of the earth, outlines

of the continents, a grid system of longitude and latitude, the invention of

the map projection, and a starL in the filling in of the content of earth

space with physical and biotic information was made. This period of data

accumulation and wapping technique dcvelopment was insti'umontal in setting

the stage for the process-orientcd geooraphy of the nineteenth century.

.4

_ -_
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NINETEETH CENTURY

The effect of the scientific intellectual bent of the nineteenth

century on geography was the great impetus'in the discipline given to

studies on physical geography and the relative neglect of human geography

on the grounds that it could not be studied scientifically. With a large

backlog of geographic data in hand, scientists of the times could concen-

trate on categorization and differentiation of mapped phenomena, Based

on the philosophy of science of Immanual Kant, geography came to be known

as a chorological science, one that deals with t'te association of diverse

phenomena in segments of earth space. Two intellectual giants arose at

this time in Germany, Alexander von Humboldt and Carl Ritter, both of

f • whom molded the development of geography by the example of their work.

Von Humboldt devoted much of his efforts to the systematic accumulation of

I: carefully measured observations from far-ranging field work. Ritter's

major contribution was the treatment of regions on the earth's surface

as units which gained their character from the interplay of all sorts of

human and physical factors. The deaths of these two men in 1859 left a

void that proved difficult to fill, and the resulting lack of leadership

precluded any strong development of the science of geography for several

decades. By the close of the century, Friedrich Ratzel in Germany, William

Vi Morris Davis, John W. Powell, George P.-Marsh, and Ellen C. Semple in the

United States had established a strong physical base for geographic

study, carrying it so far as to claiming that the physical environment was

"i }a major determinant of human behavior. So strongly was this latter idea

presented in the United States, termed environmental determinism, its impetus

influenced geographic thought even into the twentieth atury.

12l



THE MODERM ERA

Thei modern era in the development of geographic thought, measured

by a fundamental reorientation of the methodology of the discipline,

* did not occur until the twentieth century was about half over. Perhaps

the strongest component of the field of geography at the beginning of

the century centered on the study of landforms. Process and the develop-

ment of erosional surfaces occupied the best minds in geography and

various descriptive models of landform development were hypothesized.

"Much of the work, and its carry-over into the underdeveloped human side

of geography, was almost-exclusively theoretical in nature, with virtually

no thought given to the testing of hypotheses with empirical data. One

of the most quoted apologies for this lack of a scientific approach to

geography was the complaint that geographic variables were far too complex

to permit valid scientific analysis. This line of thinking was reinforced

in the 1920s when geography made a swing to the human aspects of fhe field,

since it was thought that human behavior could not be subjected to rational

analysis. Another important bit of philosophy in methodology characterized

the thought of prominent geographers of the day, verbalized in Carl Sauer's

"classical article, "The Morpholcgy of Landscape," reasoned that geographers

should concentrate their efforts exclusively on the spatial structure of the

phenomena they studied rather than to delve into the functional relation-

ships among the phenomena. This idea was instrumental in retarding the

scientific development of the field, because it encouraged geographers to

think that "mere description" was the legitimate goal of their discipline,

thereby seducing would-be scientists from the more difficult concern with

process and functional relationships.
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* A generation of geographers, from about the 1920s through 1950,

rproduced a literature which was long on fact and short on theory.

Many studies were made, often based on data collected in the field,

I L which described the geographic content of some, usually small, segment
!I

of earth space. This inventory stage, however, was rarely followed by

an analytical stage which was designed to seek generalization from the

( specific data and relate the findings to some broader understanding.

The superficiality and lack of scientific merit in this work began to

- nag on the conscience of the profession in the early 1950s. Fred K.

Schaefer's 1953 article, "Exceptionalism in Geography: A Methodological

Examination," sounded the call to revolution. In this article, Schaefer

S.stated that the nature of geography did not make it analytically unique,

as the previous generation claimed, thereby dispatching the notion that

the scientific method could not be followed in geography. He called for

theoretical constructs which could explain and predict the spatial dimensions

of phenomena, and in this way escape the sterile description which was

leading geography to intellectual naivete'. A period of rapid development

of a scientific approach to geographic problems characterizes the most

S..recent period in the evolution of geographic science.

-* For the past sixteen years, a major portion of the new generation of

geographers has been concerned with the development of scientific geographic

methodology. For too long, the older generation of geographers have pro-

claimed that the scholarly goal of geography was to understand "the total

integration of factors that give varying character to places on the earth's

surface." The new generation believes that his ambitious goal is impossible

V ..



-12-

to attain at the present time. A first step towards the goal, however,

can and must be made by an intensive investigation of the functional

characteristics of component parts, or sub-systems, of the great man-

I environment complex. Furthermore, in conformance with the successes and

trends in the other social sciences, an understanding of man's spatial

behavior must be sought through the use of scientific methods which are

firmly rooted in quantitative techniques. Armed with this mandate, the

younger geographers have produced many statistical and mathematical models

to describe, explain, and predict the spatial dimensions of human activities.

Ian Burton claims that the scientific, quantitative revolution in geography

is now over, his implication being that the new approach to geographic

*. study has proved its supariority to older approaches and the task remaining
2

is to articulate the major concepts that the new orientation of geography

has laid open.

THE QUANTITATIVE ERA

Machine technology and quantitative analysis have given geography much

more powerful tools with which to examine the man-environment system. As a

result of the increased scientific capabilities provided by the computer agt,

geographers have joined with other scientists in developing problem-solving

mathematical models that would have been too laborious or complex to solve

without machine aid. Much of this work in model-building has been theoretical,

Burton, Ian - "The Quantitative Revolution and Theoretical Geography,"

Chapter I in Spatial Anailsis: A Reader in Statistical gra jy - p.13

2 See: Kuhn, Thomas S. - The Structure of Scientific Revolutions - p. 24
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without empirical verification, Peter Gould has often stated that our

analytical abilities in geography today have outstripped the capabilities

to collect pertinent data to test our ideas against. Thus today there

are many statistical and mathematical models in the field which seem to

-hold much promise for adding depth and breadth to our geographical

knowledge, but the concepts and theory to support these models have not

been thoroughly tested. The specific ability of these models to explain

real-world data and to sharpen our insights about the man-environment

r complex remains to be proved. Evaluation of the new techniques is there-

fore a worthwhile project for anyone who makes practical use of geographic

[ methodology. Identification of the most promising new tools can be made

based on the rationality of the analysis, and the trends in hardware

development, even though hard data may not be available to verify the

techniques.

TWO PREDOMINANT PHILOSOPHIES

I [The two predominant philosophies that exist in geography today might

be termed "the scientific school," and for want of a better term, "the

non-scientific school." Geographers who approach their subject matterr scientifically are concerned with the "generation of knowledge without

2
end." That is to say, they seek universals in the data they study, hoping

I: to find generalizations about the real world that effectively explain reality.

[i The discovery of such a system permits one to understand the interconnections

between the factor studied and the other functional parts of the system to

1 Personal Communications with Peter Gould, 1960-1963

L 2 Ackoff, Russell- The Design of Social Research

I.2

K1 • .
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which it belongs. Thus, not only is the phenomenon immediately under

scrutiny understood, but a knowledge of the conditions of the environment

(both physical and cultural) that in any way affect the phenomenon per-

mits valid ihferences about similar phenomena which have not been observed.

One of the characteristics of the scientific study, then, is that its

conclusions have wider applicability than the immediate bounds of the

problem at hand. Hence much of the literature from this school concerns

itself with techniques of analysis, ways to interpret a-set of data whereby

more information is acquired.

S"Typically, but not necessarily, the scientific school utilizes

statistical and mathematical techniques in pursuing its studies. Mathematics

is a system of logic. Mathematical definition of terms is precise, concise,

and readily underrtandable to other trained scientists in the field.

Furthermore, quantified variables can be manipulated by machine processes

which are more accurate, faster, and far more complex than would be feasible

by hand calculation. Vast quantities of data can be stored and recalled in

various combinations and in various formats, including machine-printed maps.

Results of statistical-mathematical studies can be checked and modified in

the light of new data and thus possess the invaluable scientific property

of a building-block nature. The scientific geographic approach uses the

scientific method discussed above to expand geographic knowledge by a com-

munity effort, one project advancing the bounds of another project, the cumulative

effect being the generation of knowledge without end.

The goals of the non-scientific school are the same in substance, but

their methodology hinders rather than furthers these goals. iis group seeks
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inspiration and definition of their legitimate areas of scholarly

interest in the works of great geographers of the past. This is

patently a logical error, because it denies the value of the scientific

evolution of the discipline. A scholarly task to the nineteenth century

German geographers today could be a naive study, unworthy of attention

by professionals. Cataloging space data once was an essential job

for geographers, whereas today, profound work requires lucid analysis

and meaningful interpretation of the data. The attitude of the "Traditional

school" is that the complexity of geographic variables precludes the

application of scientific methods. This outlook produces studies which

have been called "descriptions of unique entities." Research in this vein

typically involves a careful empirical description of the structure or

functions of phenomena or events. Any generalizations derived from the study are

¶7 usually only descriptive summaries of the data at hand. Definitions of

terms are not often made, hypotheses concerning the relationships of vari-

ables in both the observed system and broader universe to whicb the system

belongs are not posed, and the results of the studies therefore rarely

I• generate information beyond the bounds of the original problem statement.

The non-scientific geographers are usually the regionalists of the field.

Regional geographers attempt to understand the overall effect of the inter-

relationships of all sorts of phenomena that are associaLed in various

places. In trying to comprehend the totality of factors in an area, these

1.1

For exposition of these ideas, see: HarLshorne, R. - The Nature of
Geography; James, P. E. and Jones, C. F. -American Georaph:
Inventory and Prospect; Nurphey, Rhoadq - The Scppe" oi1 C•9orapjl

I and Brook,-J. - GJ. eg-r : Its Sýope" ad S-irijt

F.



-16-

geographers most often condemn themselves to only a superficial

understanding of these factors. Their real forte is an almost innate

understanding of the cultural environment of their place of interest,

which is inculcated in their thinking from years of study and/or

residence in the area. All too often, however, this understanding is

a nebulous, mystique-like part of their knowledge and it therefore is

never communicated effectively to fellow workers in the discipline.

Perhaps much of this "feel for the area" cannot be communicated, but

in order to have scientific value, as many variables as possible must

be put into a standardized form that permits other scholars to under-

stand and utilize these factors. Because the traditional geographic

tools and the results that they produced lack scientific merit, many

geographers, spurred on by the rapid advances in all of science, have

recently attempted to regenerate geography into a modern-scientific

discipline.

APPROACH OF THIS REPORT

In light of the rapid development of geographic methodology, the

purpose of this study is to describe some new techniques being utilized

in geography and to evalhtate their possible usefulness for various

military applications. 6ne major source of data for the study is

published material, both bookrs and articles from professional Journals.

Since a plethora of methodological works is be-hn, pubhlishcd these days,

it is fortunate that varlour pairs of georrophers have put together
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anthologies of studies that the editors selected as particularly

valuable contributions .o the literature. The existence of these

books, listed in the annotated bibliography, not only aids in the

collection task, but it also provides a grouping of articles from

which research trends can be deduced. From the outset of this pro-

ject, it was felt that an attempt must b- made to include some of

the unpublished studies which represent current thinking of members

of the profession. Each member of the Association of American

Geographers as listed in the 1967 Directory of the organization who

indicated a professional specialty in methodological topics was con-

tacted by questionnaire and asked to report any unpublished ideas

concerning research techniques. (The sunmmary report of responses to

this questionnaire survey is included in this report as Appendix C ).

Personal contact was another method used to gather data. Discussions

with geographers at the University of Kansas, Harvard Univers4ty Center

for Computer Graphics, the annual meetings of the Association of

American Geographers in Washington, D. C., August, 1968, the annual

meeting of the Southeast Division of the Association of American

Geographers in Gainesville, Florida, November, 1967, the 21st International

GeogrAphical Congress in New Delhi, India, December, 1963, and the

Statistical Techniques Seminar In Hysoro, India, December, 1968, all

contributed insights about new developments in geography.

In addition to the personal contacts, a search of geographic and

related literature was accomplished. All the articles published in the

Annals of the Association of ^ierican Geo.rphers back to 1950 wer@

Il

I.
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abstracted and analyzed; a similar procedure was followed for k2on__ic

Geography, with the idea that a more specialized journal such as this

Smight reveal some differences in research trends from the more generalized

journal. In order to diiscern changes in methodology and compmn probleam-type.

geographers have been interested in, a study was done of the historical

development of geographic thought. The major results of this study were

summarized in the first section of this report, and some of the ideas are

used in the discussion on specific techniques which follows. Several sources

on general scientific methodology and on social science methodology were

used to compare developments in geography with developments in the over-

all scientific commu.aity. This source also revealed many of the develop-

ments in machine technology which should be understood to evaluate the

potentialities of development trends in geography's techniques. Bibliographic

accumulation from articles, books, questionnaires, and colleagues helped to

identify the major groups of statastical models with which geographers are

working today. They are analyzed and evaluated in the following sections

according to the types of problems they are designed to solve.

Two geographers wrote reports on new developments In their fields for

the project. Dr. Richard WitMer, Assistant Director of the Association of

American Geographers Commission on Geographic Applications of Remote Sensing

of the environment covpiled a lengthy bibliography on various remote sensing

systems and briefly commented on new developments in this area of methodology.

Professor Cecil E. Palmer did a study of water resources techniques currently

used in geographic analyses, with a major focus on the role of the geographer

in water resources planning and management. Noth reports are included as

appsndlec- to this report, publlighd under separate cover.



if



-20-

NEW TECHNIQUES IN GEOGRAPHY

The new scientific geography is developing techniques and procedures

I which are problem-solving in nature, a systematic methodology which asks

and answers significant questions about spatial relationships in the real

Sj world. Basic to all scientific endeavors is the assumption of rationality

of the universe in whicb science operates. This assumption specifies that

real world phenomena and events are not random occurrences, but rather are

tied to other phenomena and events in cause-effect systems. Scientific

geography is organiz,,d around the formulation and testing of hypotheses that

try to understand various spatial aspects of these cause-effect systems.

f The goals of this approach to the discipline are not only to describe the

structure of spatial systems, but also to explain their functioning and to

predict the replication of similar spatial distributions and events.

Modern geography starts with the notion that there are "Spatial Dimen-

sions" of objects and events which fundamentally influence the character

of the objects and the execution of the events. Location, spatial extent,

flows over space, and succession of spatial pitterns (addition of the time

factor) are attributes or properties of objects and events that are the
2

subject matter of geographic analysis. Space or distance is a cost-incurring,

time-consuming, and energy-absorbing hindrance to the free geographic mobility

This idea is consistent with P. E. Jpices' discussion of "Processes" in

Chapter I, James, P. E. and Jones, C. F., American Googreiphv: Inventory
and Proks•c•t, pp. 5-6.

2 Many of the ideas in this sectlon are derived from the following snurces:

Chorley, R. and ll-ggett, P. (Uds), Nodls in .eoocrzv-iy; 1erry, Bririu and
Marble, D. (Ec's.), Sn•.ti< A y,.:i,: A R ]a'r Jn "- ....
NAS/NMC Ad Loe Co:,liitt-c oil sc!rc hy, orScion.ý,ý-r ,- oer v Colc, J
P. and King, C. A. I. ON•ut:itztt lvy C.'.1!.!'...

S,. .. .• • • ' ' •• • " • " •' • ' "•I " • ... ... •r- V.- 1%•',•, ...-
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of people, commodities and ideas. Thus it can be argued that the "friction

of distance" is a basic attribute of real-world human and physical systems

which must be understood if there is to be a full comprehension of these

i systems. For the geographer, it also means that other aspects of the nature

Sof phenomena and events must be understood if he is to interpret the signi-

ficance of the spatial dimensions. Since many central problems within each

: i of the spatial dimensions have been defined and identified as significant

topics for examining real-world systems, analytical techniques are under

V• development to probe these topics.

- CENTRAL PROBLEMS OF SPATIAL DIMENSIONS

r -• Some geographers have contended that the description and explanation ofI 1

location is the central problem of all of geographic study. Certainly this

spatial dimension has been a focus for geographers' attention since the

earliest scholarly studies, because the "where" of data is an inherently

geographic theme. The interpretation of the location problem has been sharp-

v• ened and broadened by modern geographers. The concept of accessibility (the

ability to move from oje place to another) is an aspect of location that has

* direct application to many practical situations. The size and spacing of nodes

(such as in a system of urban central places) can be studied to learn about the

structure and functional relationships of nodal systems. Related to this latter

idea is the concept of a hierarchy of nodes and their location within the

system. Density and intensity of various types of point patterns in an area

1
See: Bunt. , Wlliamn, Theoretical Cecra ,:
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is yet another important locational question. The functional connections

among locations (as between manufacturing plant sites and source locations

of the factors of production) emphasizes the dynamic qualities of a spatial

system. The concept of a spatial equilibrium connotes the idea of efficiency

of locations in a connected nodal system. These and other aspects of

location form a set of problems which can be claimed as distinctive objects

"of geographic study.

SPATIAL EXTENT

Spatial extent of phenomena or events is almost imiversally recognized

by geographers as a core problem in their discipline, usually comprising the
1

idea of the homogeneous region. Regions can be defined and investigated on

the basis of a single factor or on a compositl of many Factors. Traditional

geographers have developed the concept of the "compage," which they define as

the totality of factors that give character to places. Modern geographers

have rejected the legitimacy of the compage as a current research goal on the

theoretical grounds that the task is impossible, given the present capabilities

of our analytical tools. They argue that the character and meaning of the

spatial extent of individual factors must be thoroughly understood before a

reasonable attempt can be made to understand the interplay of many factors.

Major efforts have been made by the new school of geography to develop

concepts and techniques for analyzing single factor regions. The problem of

studying the character of places based on one or several related factors

See: James, P. E. and Jones, C. F., Arerlcan Geo-ranliv: Inventorv

and Prosnact; and James, P. E., "The Regional Concept and the Regional
Method," p. 21.
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attracts the attention of many geographers. Important in this effort is

t Fthe definition of terms that are widely accepted and therefore usable by

rco-workers in geography and related disciplines. he terminology and con-

cepts of systems analysis are currently being promoted as the means toward

Lhis end. Much work is'needed in this area because many of the ideas in

systems analys1s as applied to spatial problems are nebulous and lack clear

reference to real-world situations. The size, shape, and related functional

characteristics of hinterlands (tributary areas) for economic, cultural, and

physical regions are being defined and studied with new techniques of

analysis. The statistical surface of variations in intensity of an explana-

tory factor, including the gradient and direction of change in the factor, is

an important concept that is being operationalized. Related to this type of

F Ianalysis is the problem of measurement of the covariation of two or more

areas of spatial extent. A series of techniques is being explored to solve

Sr this problem. Another interesting experimental area concerns individual's

perception of space. This idea indicates that some aspects of human behavior

Iand some aspects of the "cultural environment" can be discerned by people's

" space preferences."

SPATIAL FLOWS

Edward Ullman has pioneered the development of a new focus of geographic

research, the movement of people, commodities, and ideas over space.I This

is a topic of "hard core" geography because the significance of the distence

See: Ullnmn, Edlanrd L., "The Role of Tronsportntio*n aO the Basc% of

Inte.actu'o," pp. 862-80.

I:
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variable is central to the problem of spatial flows. Again the concept

of accessibility looms significant, in terms of cost, time, and various

expressions of energy absorption. Communications networks, linkages'

among places, centrality, constraints to flows, the direction and volumes

of traffic, and complementaritv am6ig functionally related places all are

aspects of the spatial flow problem to which new geographic techniques

are being applied. Movement over space is a particularly important sub-

ject because process and functional relationships are stressed, thus imply-

ing a further significant dimension of geographic analysis, the historical

evolution of earth-space content.

SPATIAL SUCCESSION

Changes in space over time is another major area of geographic concern,

recognized by the "main stream" of geographezs of the early 1950's, 1 but

infused and enhanced with new insights by the new scientific approach to

"geography. Topics such as the growth or decline of population, income,

industry, trade patterns, or cities engaged geographers since at least the

time of the 19th century regionalists, who attempted to explain the apparent

growth advantages of one place at one time with the advantages of another

place at another time. Torsten HUgerstrand's research cpened up fruitful

new lines of geographic inquiry with his work on the spatial diffusion of

innovation waves.2 Spatial diffusion examines both tire and space variables

I
See: James, P. E. and Jones, C. F. (Eds.) - Op Cit.

See: ll1igerstrnrd, Torsten -I.novctlon Difusion_ aSItial Process.

iii
I.... .. . ..•-' •" • . . - " • 1 " •• .. .i .. "• • - -- -'
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to trace the quantitative growth of a factor or adoption of a new idea.

[ This general formulation has many potential applications in geography.

An older version of the basic ideas of change through time was the study

of sequent occupance of an area. A new topic along this line is the con-

cept of zones of cultural contact, or frontiers, or zones of ideological

conflict. Again the main theme concerns the spread of differing ideas,

tF this time towards a place where assimilation or synthesis of the ideas

occurs. Spatial succession is really a topic that cuts across all previously

discussed lines of geographic research. It contains the normative implication

[ of planning for the accomplishment of a desirable spatial allocation of

resources.

METHODOLOGY

j Methodology is a topic that is not a spatial dimension, but rather it

is the means for studying and gaining knowledge from the spatial dimensions.

I: Since geography today is undergoing a scientific revolui:ion, much effort is

being expended in developing new techniques to do the old jobs of analysis

and synthesis better. In the course of these methodological explorations,

new lines of inquiry become feasible as research technology advances and the

new lines of inquiry are suggested as new questions are raised from better

answers to older research problems which are now possible. In the following

paragraphs, an analysis and evaluation of some of the new techniques currently

under development in geography and closely related disciplines will be dis-

cussed. The discussion of techniques will be organized according to the

four basic geographic problem areas outlined above: Location, Spatial

-i
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Ext~ent, Spatial Flows, and Spatial Succession. Techniques sometimes

i overlap several or all problem areas, but the problei-oriented organiza-

tion is here considered significant for emphasis of the ongoing nature

of methodological development, comprehension of which should also permit

useful predictions about future development. Specific topics to be

discussed in the following analysis and evaluation of each technique are:

basic premise and methodology; criteria for data measurement; educational

level required for easy understanding and use; techniques for graphic

presentation; and mathematical and/or statistical techniques employed;

potential applications to military geography; adaptability to an ADP

environment; and comparisons of contrasting schools of thought. While some

techniques obviously fit- more than one major line of geographic analysis,

each technique is discussed only under its most appropriate application.

At the end of the discussion on a technique that can be used for other

purposes, the other purposes will be suggested. Techniques which apply to

all problem areas will be treated under the heading of methodology.

SIGNIFICANT NEW GEOGRAPHIC TECHNIQUES

I - LOCATION
1

A. Bachi's Standard Distance Statistic, Nearest Neighbor - The objective

of the nearest neighbor statistic is to des,-ribe a pattern of points in a given

area, according to whether the points are evenly, regularly, or randomly spaced.

The first step is to plot the point distribution on a true-scale map

For additional reference, see: Haggett, P., Locational AnaA1._sis in
Hluman Geograppi, pp. 231- 236.
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or graph. Measurement is then made directly from the plot in any con-

venient linear measure from each point to its nearest neighbor. Values

are processed through the formula: R (measure of the distribution,

r randomness assumed)- rA (mean actual distance to nearest neighbor)/

iE (mean expected distance to nearest neighbor if a random distribu-

tion exists). is derived by dividing the total distances of all
points to their nearest neighbor )by the number of points being

U examined (n); r is derived by dividing unity (1) by two times the
E

square root of the density of points in the region ( where

rho is the overall density of points in the region. The value of R,

the nearest neighbor statistic, can vary from 0 (points are agglomerated

at one place), to 1 (signifying a random point distribution), to a

maximum of 2.149 (which signifies maximtun spread of points, thus even

spactng).

The principal value of the nearest neighbor statistic is that it

4 is a systematic procedure for describing a point pattern accurately

and intelligibly for communication with interested parties. In dis-

pelling ambiguity, the technique like all other scientific procedures

permits comparability of point patterns at different tire periods and

at different places. Argument arises over the interpretation of

intermediate values for the statistic. In describing a given pattern,

definitions of 0, 1, and 2.149 values are clear, but the question

about category dividing points (i.e. at what specific value does a

distribution cease to be agglomerated and take on the property of

randomness) is debatable. Another problem of Interpretation arises

I
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I when point patterns are clustered in small groups which In turn are

I scattered throughout the entire area. Problems such as this of

extreme spatial skewness can be handled by modifications to the basic

program. One particularly valuable analysis that can be accomplished

with the nearest neighbor technique is the comparison of the same

~ Iarea's point pattern at different times. Changes in the pattern over

g time might reveal whole new ortentations of central place systems, or

the rationalization of previously randomly located factories, or

some other such significant change. co

The mechanics of calculating the nearest neighbor statistic are

I simple enough to be handled by a technician with only a basic

knowledge of college mathematics, but the interpretation of results

requires graduate level training in modern geography. The measurements

of distances between points Is a common task -nong laymen who read

road maps. This task will probably be completely automated in the

SIt near future with various kinds of scanning devices feeding information

r •into a computer. Interpretation of the relative agglomeration - randomness -

even spacing characteristics, however, requires a firm understanding of

t the various systems to which the points in the pattern belong. Central

places, factories, administrative centers, command posts, and communica-

I'tions centers have some general functional likeness, but their specific

functions and therefore the meaning of their spatial distributions and

interconnections within their systems depend on their specialized purposes.

Persons must be intimately familiar with these purposes for accurate and

full interpretation of their spatial dimensionr.
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F •Potentially there are both tactical and strategic military

j [ applications of the nearest neighbor statistic. Many types of human

(to include military) activities in earth space take the form of point

i Fpatterns; they can thus be graphically presented and antlyzed in terms

of the geometry of the point patternE. On the strategic level, the

F nearest. neighbor analysis could be used to explore such diverse

spatial distributions as cities, industrial complexes for target

analysis, watering points in an arid region, location of mineral

deposits, or the growth of strong points in national defenses. Since

the success of tactical level uses of nearest neighbor analysis would

depend upon the speed of the analysis and sensitivity to relatively

rapid changes in point patterns, use of the technique at this level

would appear to hinge on the utilization of computers in tactical

operations. Once information was gathered on a point pattern and fed to

a digitizer, then periodic checks on the pattern and machine analysis

might je used for such iritelligence purposes as troop movements, target

acquisition, planning a logistics system, shelling strike reports for

artillery, and many other uses where spatial point patterns are signifi-

cant. This application, along with most others based on new geographic

techniques of analysis, will attain its maximum usefulness when tied

into a central data bank which will permit recall and recombination of

many divergent bits of information on an area to develop intelligence.

These coaments in general apply to most of the other techniques discussed

F below.

F

-[
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B. Central Tendency and Dispersion geography's adoption

of these standard statistical parameters indicates the long overdue

attempt of the discipline to make its methodology more scientific.

j The "average" or "mean" of geographic data has been used for many

SI years, all too often obscuring rather than illuminating relationships
I

that the data contained. The recent application of other descriptive

SI statistics to geographic problems has thus been employed to elicit

more meaningful interpretations from geographic information.

[I IGeographers are faced with a peculiar problem in the data with

which they deal. Bunge in Theoretical Geography makes the point that a

"single factor region" actually contains two factors, one of which is

location. This idea points to the fact that by definition, a geographic

factor is an object, a property of an object, or an event at a particular

2.ace. For the most part, geographers have tended to ignore this central

issue, i.e. the effect of location on the variables which are commonly

thought of as belonging to other disciplines. They have used statistical

I techniques which are designed to measure characteristics which are uni-

dimensional, whereas their data are both topical and locational. The adapta-

tion of stand-ýrd statistical techniques to portray geographic relationships

adequately is a topic that geographers must concern themselves with more.

"This subject will be explored more fully in the last paragraph of this

section below. 2

King, Leslie - Statistical Analysis it aeqLIh- pp. 22-31, 89-97.

For more information on Applications, soo: Bachi, Poberto, "Statistical

Analysis of Geographical Ser-Is." in Berry and Marble, Snatial
alysti , pp. 101-109.
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r
Thtn commonly used measures of central tendency and dispersion are

the mesan, mode, median, variance, and standard deviation. The value

of these measures is that they accurately and concisely describe the

, ! numerical characteristics of a set of qu.tntitative data. They comprise

a shorthand representation of the original data that can then be used

[ to amalyze and synthesize data parsizoniously, to compare cumbersome

sets of data, and to communicate xe3ults of data manipulation intelli-

-gably and briefly. Central tendency and dispersion refer to the distri-

r bution of values in a set of data along the scale on which the data is

measured.

An arithmetic mean is derived by dividing the sun total of all

values in a set of data by the nurler of observations in the set. If the

data values are norrally distributed (the determination of normalcy Xill

-[be discussed below), then the "mean value" is a valid representative of

each of the individual values of the sct. In a skewed distribution, one

"having soe values roch higher or lowez than the majority of the values,

the value of the .ean is either inflated or deflated by the fe,-' deviants.

This of course renders the riean value ,-irepresentative of the individual

observations. For a sy•-,etrical (normal) distribution, the mean, mode, and

Pmedian all have the sane value. Decause there are well-deveh.oped rathe-

L matical- tec-iAques for further analysis of the nean, it is the rost useful.
measure of ceAral teiadc-.cy for n;rE:d dJistributions.

The r.tCe and tedian hz.ve t neir greaLest val:e in describing statistical

-! distributions vhic.!h rcc a .c-::ed. T',he tc.k- is simlyv the value of a s:t of

F I

. . .. . . . . . .. . . .
L-__ . . . .. .. . . . . ... . . . . . . . . . . . . . . . . .
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data which occurs the most frequently. If there are two values that

occur an equal number of times, the distribution is said to be bi-modal.

The mode has only limited uses in the behavioral sciences. A median

is the value in a statistical series which divides the number of observa-

tions into an equal number of values less than the median value and an

equal number of values more than the median value. In a highly skewed

distribution, therefore, the median value is usually more representative

of tbe individual values in the distribution than the mean would be.

Dispersion of the values in a distribution around the mean or median

is measured most commonly by the variance and the standard deviation. 1

The variance is the summation of the squares of each value in the distri-

bution subtracted from the mean of the distribution, the whole of the

summation then divided by one less than the number of observations in the

22distribution. In symbols: S (variance) (X. -X (N-I).

The resulting figure measures the dispersion of all observations from the

arithmetic mean of the statistical distribution. The square root of the

variance yields the standard deviation.

In the analysis of a normal distribution, the standard deviation is

an exceedingly useful parameter. Constant percentages of the total observa-

tions in any noinml distribution are defined by the mean and standard

deviation of the distribution when used together. Sixty-eilght percent of

all observations are always found within the range of plus one standard

deviation above the mean to minus one standard deviation below the mean In

normal distributions. Ninety-five percent of all ohscrvationh are found

See: King, Leslie Statisticdl Anac.vsiv in ......... >. 26-30.
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within the range of plus two standard deviations above the mean to

minus two standard deviations below the mean; while ninety-nine per-

cent of all observations lie within the range of three standard devia-

tions above and below the mean value.

Standard deviation and mean have an outstanding use in geography

for rationally determining the categories of statistical data which are

to be mapped. When a choropleth map is to be drawn from a collection of

statistical data, the categories to be portrayed are often chosen rather

arbitrarily. Breaking the data into quintiles is a popular method, be-

cause this division gives an average category, high and low categories,

and very high and very low categories. Any greater or lesser number of

categories also may be used in this classification system, the result

being an approximately equal number of observations in each category.

In normally distributed statistical data that are to be mapped, the stand-

ard deviation can be used to determine the value range of data that de-

fines map categories rationally. A middle or "average" category of values

can be delimited by one-half a standard deviation above and one-half a

standard deviation below the mean value of the distribution. The next

categories would be dcfined as one and one-half standard deviations above

and one and one-half standard deviations below the mean. The last tate-

gories could be two and one-half standard deviations above and bclow the

mean. This method is considered a "rational" methiod for category deflnl-

tion, because it derives categories by follo-.'½ng standardb'ed statisLical

procedures and bocause it dcfines categories accordinb t:iderstandab1e

pariimneiers that accurately and -inantngfu1 ly '.,cribc the Otstatsticol data

from .,!'vch thce r~np 16 to be dravn. To 1 .ltistratrc OQc latt, r poirtt, in

r
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normal distributions, 68% of all values fall between plus one and minus

"one standard deviation from the mean; while 95% of all values fall be-

tween plus two and minus two standard deviations from the mean; and 99%

of all values fall between plus and minus three standard deviations from

the mean. This imbues the qualitative category designations of "very

high," "high," "average," "low," and"'ery low" with quantitative accuracy

and objectivity. In this sense, then, it can be said that the categories

into which data are divided are rationally derived.

The l'olmogorov-Smirnov test is one that can be applied to a statis-

tical array of data to ascertain whether or not the data are normally dis-
1

-- tributed. Briefly, this technique compares the values of an actual

statistical distributic:- and their cumulative percentages against a curve

of values and cumulative percentages that would appear in a perfect normal

distribution. The objective of the analysis 's to determine how much devia-

tion from a normal distribution exists in the actual data. A "Z" score value

results from the calculation which then can be found in a table of "goodness

of fit."1' This value reveals the probability that the actual distribution

can be normal with its given amount of deviation from the ideal normal curve.

Techniques of central tendency and dispersion help geographers to des-

cribe the locations of their data more precisely, within the limitations of

the "enumeration district problemD' 2 For much work in statistical analysis,

geographers must accept data gothered by census units which may obscure real -

wcrld locational rlationzlitps. An :.n exnuple, tN, population of many cities

Smiroov, V. "Thb1ez. for Estirr.t,'ig the Coo,, or lit of r-p:1rle•1

i•trlth,t•o T'.' ITh c A1.,I._ of ,.I. t I cn-I Stj.t~f ' " , Vol. XTX, .98,

For cxa'nple, ,c: Po'io• ;on, A. III., "11w I 'tc-co Lv of 1•(•t'htl" Vaiti.c
in Corr¢ntioa or Arc',l Dhiti."
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between 1940 and 1950 appears to have been static or to have grown

only slightly. In reality, the cities often have doubled their popula-

tions, but most of the increase has occurred in the suburbs, outside

the political city enumeration district. The functional city expresses

the real-world city, whereas the political city becomes a fiction of the

census taker. The ideal data unit for the geographer would be small

hexagons (size depending on scale of problem) which would give total area

coverage and at the same time reveal the actual spatial variation of the

data. Geographers who can specify their own areal units, such as those

gathering raw data directly from aerial photos or topographic maps, can

insure that they gather data which reflects the actual situation, which

in turn will insure more meaningful use of statistical techniques used

to analyze the data. Perhaps the data problem is akin to the need for

I. "normalcy" in statistical distributions, where geographers must add

"areal nornalcy" to the need for statistical normalcy.

1~1

C. Chi Square - this is a measure to ascertain whether or not

there is a significant difference between two samples of statistical data.

" -It is often used to compare an actual distribution to an hypothesized

distribution. The formula for the statistic is:

k -f -F )2
X2 (chi square) k -F.2

J=l 1

where f is the observed frequency of an actual Oir-s (Jt1h of k classes)

For nore dctrils, seo: Gregory, S. Statisttnl ZA-0ioi nli2• Tli eG_ o
pp. 163-1Y9.

2 King, L.O.Ct .69

I
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of objects, properties, or events, and F is a theoretical or expected

frequency. Thus the statistic is used to test a definite hypothesis

about the frequency distribution of values in a statistical series.

In order to utilize Chi Square to advantage, enough must be known

about the situation under investigation to permit the researcher to

advance a plausible estimate of the statistical distribution that

could be expected under specified conditions. Chi Square in this

instance would be used to validate or invalidate his hypothesis. If

the deviation between actual and expected is too great (a high Chi Square

value), the researcher must conclude that the two samples must be from

different populations. While this latter result would deny the original

hypothesized statistical distribution, it could conversely be used to

differentiate categories in a group of statistical series. Thus Chi

Square might be used to separate data groups into categories for mapping,

or it may be used to demonstrate a relationship between classes of date.

An example of the latter use might be a comparison of observed traffic-

flow along various categories of road types, based on the assumption

that these road types have differing "carrying capacities," with an

hypothesized distribution of flow that one might expect, given the dif-

ferent road qualities.

D. Computers, Uses of - Computer storage, analysis and retrieval

of information promises not only greoter accessibility to information and

more facile handling of large amr.ounts of data, but also the truly geographic

interpretation ol census gathered poinL and ores d-ta. Data stored at the

For a discussion of developmnnts in computer tecmnology, SCee:

Scientific American, Tno.tifon; 1ollingd:i.lv, S. 11. and Tooti].l, C. C.
Electr_ CTI .; for . gene:ra. (1.scussion of co:p) tcr use in geography

See: 11ao, flichard C., "'fhE• Usc of Cci1,1t:ters; :n t'M Proccasi., and Analysis
of Caogrnphic Irori.Yat on, in 1er1'y ard ;orle, .$witra.1t .iia bjis,pp.67-77.
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" sized this aspect of the functions of a map, claiming that the nap is thusi
a geographic tool par excc.t..Cace because it shows "spatial relationships."

- This is true to only a limited extcnt, Putting information "in place" means

that some aspects of the Euclidean geometry of the data can be interpreted

with the eye, or for more precision, with the aid of measuring Instruments.

Geographers now recognize, however, that there is much more to "spatial

relationships" than the traditional geometry would imply. Hence the familiar

geographic concepts of orientation, centrality, nearness, friction of dis-

tance, connectivity, regional boundary, extent, covariation, and others are

being rethought and reformulated to encompass new perspectives on real-world

S and abstract space relationships. Innovation diffusion, space perception,

demographic potential, gradient of desire lines, spatial efficiency, spatial

equilibrium, and others are new concepts under development. Part of the drive

for new concepts has been stimulated and made feasible by the increased

analytical capabilities provided by developments in computer technology.

Computer uses range from bookkeeping and computation to analysis of data,

map compilation and printing, and new some processes of learning. "It is by

restoring the iim.ediacy of sensory experience and by sharpening intuition

that the computer is reshaping experimental analysis." Icureasingly complex

geographic data matrices of the type Berry suggests can be stored and rnanipu-
2

lated as computer memories are expanded. New ideas for interpretation of

data can be programmed and then experimentally run agninst stored data for a

testing of the metihodology or for the elicitati:on of nevi iformntion from

the old data. Tablet type input also promisc.s much for geogrnalhic use as

sketches, maps, or graphs can be fed directly to the computer by means of a

special stylus, thereby permit tint; alr..ont iistantaneous rnterpretat:on.

Scientific Ainerican, OT. C-it., p. 114

-BBerry, B.1. L. and MaTrble, D. F., Spatiol Al•.alvsi;, pp. 24-34.Ii
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1

E. Contiguity Ratio C - This statistical technique performs a

task for a choropleth map that nearest neighbor performs for a map of

point distribution. The technique, a generalization of a one-dimensional

analysis often used in time series problems, can be used for any number

of dimensions. If contiguous areal units have similar statistical values,

then the ratio tends to total less than unity; while a more random spatial

distribution of units will yield a ratio of unity. The formula is:

c •.(n-.1) i # t' (zt - zt)

2 K1 t (z t )2

where c is the contiguity ratio, the number of counties is n, the
' K

measure of the t th county is zt islkt ,is the sum over all

counties, and F ' is the sum over contiguous counties.

One specific use for the contiguity ra' io in geography would be the

cartographic analysis of residuals from regression. Geographers often

are interested in the establishment of functional relationships between

a dependent and one or more independent variables. Mhen there is some

exploratory nature of the problem under investigation, that is when some

important independent: var:tables are unknown, the researcher will seek clues

about the factor.,: that can explain the remainder of the variance in the depen-

dent variable whi-ch has not been explained by the known. independcnt variabl.es.

07ote here the definition of "explain": statistically, to e:;plain means

to discover a functional relnltionship etct:ecn variables; causation is

See: Gcary, R. C. , "Th'he ContIgu.ity Ratio and Statistical ?,ipping," in

lBarry and M.!arble, ]h, pp. $61-478.
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not claimed.) He can map the residuals in any convenient way for the purpose

of further spatial analysis. Any method of analysis, the contiguity ratio

for example, would be useful for seeking spatial regularity in the residuals,

thereby siiggesting additional independent variables.

F. Correlation - Regression Analysis - These standard statistical

techniques have been adopted by geographers in order to define the degree of

F, covariation of features in earth space in a more rigorous and universally

understood way. King points out that there is a technical distintion between

{i the two techniques, regression analysis specifying a dependent and one or

more independent variables, while correlation analysis merely seeks functional

relationships among variables without specifying dependent-independent status.2

In practice this distinction is often irrelevant. Correlation and regression

techniqtieý lhelp to shed light on one of the central problems of geographic

analysis, the description and explanation of t!e location of phenomena.

Correlation and regression analysis permit the geographer to describe and

to predict the spatial association of data based on the average relationship

between/among variables, expressed as a mathematical function. Linear regression,

for instance, starts out with the plotting of the data on a cartesian coordinate

graph called a scatter diagram. 'Me resulting plot of points on the graph

suggests whlcther or not a relationship exists between the variables, whether

it is a strong or weak relationship, and whether the relationshbip is positive

or negative by the trend of the points. The next step is the construction

of the mathematical function curve which is fitted in to best appro:dNfate

For furthcr information on contlulty restirc's, Sue: D)acty, Michaol F.,

"A Rcve•:v oil 4ic-urcs of C-tittitutiy for T,.j and K-Color •ip:;", in Dorry and
Marlsle, jlbid, p,.4945

2 SaC: rilnl, L., fp.eit ., pp. 118 -14, For A Discusstln of . Voriety or
Correntfvn - Re~r'•kn T.chniques.

3 runre Clntm• thLtt thR(. is ono- of the two c-vitrA.1 probl•rs iin Co~rri-hy"

1. ___ __ ___ p 9_
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T the average loci of the points displayed on the graph. The formula for

this best-fitting line is: Y - a + bX , where a is the intercept of the

line on the Y axis, and b is the slope of the line. The parameters a and b

are derived by "least squares" methods, which are described in most standard

2
statistical textbooks. The coefficient: of determination (r2) is a parameter

of regression analysis that i.ndicates the proportion of the variance in the

dependent variable which is explained by its relationship to the independent

variable. If a significant relationship is demonstrated between variables,

then the equation for the line can be used to make predictions of the value

of the dependent variable based on the known value of the independent variable.

The relative accuracy of the prediction, dependent on the sizes of the r

and mean deviation, is known from the statistics that result from processing

the original data before predictions are made.

The residuals from regression are data derived from regression techniques

which help geographers to analyze the preliminary results of a problem further.

Residuals are given in regression analyses for each individual value of the

dependent variable. A residual is defined as the variance in the dependent

variable that remains unexplained, after the influence of the independent

variable has beea considered. On the scatter diagram, the residual is

described as the distance between the locus of the data reading and the best-

fitting line, measured vertically from a line that rcpresents tile mean

value of the eeptndc.:t variable. Residuals can be categorived by their

magnitude, and then nappcd. By thitz procedure, tho 1colgraphcr can perform

a spatial analysis of the re.sitl, s. " frot tle patterns

portrayed. Thý spatLial pattcrtr of rvzidkbIs often ,•ezlt additlonnl

indt~pendo'nL v,!r! :tiNl L hat mil -. t hi ýKi c'v,-r3V!c J!%~ 0.I, ~tL~inL.1 stnzvi

of 01L r.~e~
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This brief sketch of linear regression analysis was intended as an

illustration of the general procedures and understandings that correlation - A

regTession analyses provide. Geographers are no longer content merely to

portray the spatial distribution of a phenomenon, but they now see anl3
important scientific need to explain variations in locations and to predict

I the occurrence of phenomena at particular places. Correlation and regression

analyses have provided the tools for the accomplishment of these tasks.

With the proper modification of variables, and definicion of terms, these

statistical techniques can be used for all types of geographic problems,

I analysis of point or area patterns, flows over space, or spatial succession.

S0. Factor Analysis - Principal Components Analysis - One assumption

of multiple regression analysis (not often1 fulfilled in practice) is that

there is no interrelationships among the independent variables. Factor

analysis and principal components analysis are multivariate techniques

which start with a set of data which is assumed to consist of interrelated

variables. The purpose of both models is to reduce the original set of
1

variables to a simplified set of "basic dimensions." While both

regression and factor-princl.pal components analyses attempt to explain

the variance of variables, the latter techniques provide a more secure

estimate of the relative "weight" of each variable in describing the

1" dependent variable, L. King states that there are mathematical and con-

ceptual di.fferences between principal coi'iponents and factor analysis, but

that often the two are treated as identical.

For a detailed dlscu.•sion of the iiwthods, See.: i•,tn, L., o L.,

pp. 16S-193, amd Cole, J. P. and 1, CA.t.110 tith•.. v.. ,,

p1p

- "
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Because of their ability to draw the fundamental attributes out of masses

of data, factor-principal components analyses are useful at th,. initial stagps

of an investigntion when all of the dimension3 of the problem are not well known.

The variables with the highest factor loadings (derived from product-moment

correlation and subsequent rotations of the factor axes) can be readily

identified as those that most characterize the objeect, event, or attribute

being studied. The principal components or factors that emerge from the original

data manipulation must be interpreted to gain understanding from the analysis.

Herein lies a danger, because either too much or too little read into the

"problem may drast:..ally reduce the utility and power of the analysis. As in

all other forms of statistical analysis, intimate knowledge of the subject

will permit the analyst to make profound observations whereas ridiculous

conclusions can result from interpretations by analysts with only superficial

knowledge of their subject. For the geugrapher, factor-principal components

analysis can define categories for the logical regionalization of an area.

Once data has been characterized by the techniques and mapped, the geographic

work of spatial analysis and interpretation Zan then be accomplished. Point

and extent data are handled by these techniques. One caution about multi-

variate techniques is in, order. The more complex a statistical analysis

becomes, the more diffi'zult it is to interpret the meaning of the results.

Lven in miultipl . regression aniysis, the significance given to any one of

the indec•,dentt variaMc.. !.,Lst be. advanced with restrainit. It is believed,

for JustUice, t.iLt thc, ve i• ', of the ,aw i r.s•hcgi would be changed if

they wkcre v'tci.'d 1t1to the probl cii it clifforcut ordc'rs. Wlvtt evor the

tt C111fqo.' EIteh w'. fele"o-prbcic' p~1componots an-Iiys eG are
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•important because most protlkns that con,•ern the human occupance of earth

space are vlti-dineesional.

B1- 3. Fourier (Harmonic) Agalysis- "Fourier series provide a convenient

means for Interpolation, And limited extrapolation of data that are

j - oscillatory." Data th a L vary cyclically along a time or distance con-

tinuun can be t.nlyzed by the atte-pt to split the -complex curve into its

h ,reovic components. The tecbn-que h,-s been used to analyze meteorological

and geological datz, but haw.in geographers have not often used it. This is

- probably becruse of the need to assur periodicity and continuousness of

the data.

The basic operatior of the technique is to determine ubet:here or not

F iariztions fi a dependent vwriable caa accurately be defined in terms of

en oscillatory fnl Te Fr ier szrien is conosed of a mathematical

set of teras contpining sines and cosines. A-.•it'e phase angles, and

frequencies are all dexivable frost the solution of the data, and these

-h aracteristics, nay then be mialyzed and interpolat.ions May be attempted.

If the Fourier curve fits the data to an acceptable level, _then the data

can bc describzd as periodic, and thv's indepeadent verlablces may be soughtt

witb the guideline that they too ntst be period-ic. A single Fourier series

my be used to analyze a curve, w-hereas a double Fourier series can be

tV zed to exanix.e a surfac.e featture. .ore and sore statistical cuh'iral

. urfaces are b; expked i.s, geg---aphic stulies and the Ta..ter tech;niAre

right be tppropzete to IsC in th: .cepr•rizatic.•. of t'is type of problen.

1 Harbaugh, J. and Presten, F., "Fovri-r Serie' Annlysia in Geclogp:," in

"Be:ry and :.-,rbl, c. cit.. p. 233.

2 See: King, L. ov.. cit., -p. 2213-2216, Yar Further iiscni.n.

a.

Il
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I. Graph Theory - The technique of network geometry has been adopted

by geographers and other scientists concerned with spatial problems to describe

the connections and shapes of various kinds of linear, networks. The relatively

simple "dimensional" notions of length and area ser7ed by a transportation

'network have been topics that geographers have studied for some time. This

corceptual base has recently been expanded to enc•ompass such spatially

significant ideas as "centrality," "connectivity," "flow capacity," "critical

paths," "network efficiency," and others. Many of these new ideas have resulted

from the application of graph theory to the study of the topological properties--

of networks. Further development of these concepts promise their extension

4- to many other social syster-s whose operational characteristics can be conceptually

related to those of a transport network.

Graphs of networks are colposed of vertices (nodes) and edges (connecting

lines among nodes). The analysis of graphs is thus a techr.ique for exai-iining

the general geographic problen of a nodal region. Problems such as the

hierarchal arrangement of central places, flows of pecple, comodities, and

ideas among places, and classification of a major network into its sub-regions

are now being studied through the use of graphs. Various indices have been

proposed to describe the graph ch2racteristics. The Beta index, defined as

e/v where e is the number of edges and v is the num!ber of vertices, measures

the connectivity of the vertices. The increasing value of the Beta index

indi.cates that tihe vertices have ar increasing amount of interconnectedness.

2
Another index, seL.etutes called a K6nig n: ber, meas'ires the cmntrality of

nodes. Ihis -nmzciure s.iply counts the edges on the shc-rtest path betxcen on"

For a di.ccusion of terns and 1D.-sic coi;cepts. See: Parary, Y. and
R., ':Graph Thor- as a Ya.bhe-tice_ T-I el .n Social Science."

2
Haggett, P., LocatC',na ý.;n.lvssis In , G-<-:rahv, p. 238

*., - .... y •, .... .•. ... . >.. .- 7 ,• -- " , • • • h - •••,- .a ''.... .. 1 W • ""•
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nodr and all the others in the system. The smaller the value of the Kdnig

number, the more central the vertex in the network. Shape of the network may

be measured by an index designated asYI. In the e.pressionlC= C/d, C is

the total mileage of the transportation network and d is the total mileage of

the network's diameter. The diameter of a network is defined as the number

of edges in the shortest path between the most distant vertices. There is some

evidence that the Aindex is both a good measure of the relative economic

-development status of the unit which the network serves as well as a good

indicator of the economic state of the transport network. Matrix display and

manipulation of data provide other useful means for analyzing networks in

graph form.

While the application of graph theory to the analysis of networks seems

somewhat mechanistic and stiff, more flexible ideas can be worked into the

models to seek real-world interpretations on a variety cf topics.

- Accessibility in a network might be measured in units that are more meaningful

than mileage for various situations; spread of communications in a social net-

work could be studied with only a slight modification of terms; flow barriers
I"

that occur when people, goods, or ideas must pass through nodes (bottlenecks

of various sorts ) would also be amenable to graph theory analysis. Graph

* Theory analysis of networhs seems destined to be an even more significant

tool of geographic inquiry, because a network is one form of "a system" and

the formulation of problems in systems analysis is one of the current

orientations of many young geographers. Other new techniques such as path

geometry, circuit geometry, point set theory, simulation techniques, electric

analogues, and more can be used with the basic ideas of graph theory to

examine many types of nettworl problems.

1
Ilaggett, P., Ibid., p. 240

2! ~For Xer Disccssion. See: Chorley anId iH:ggett, Mode~s In Geography, pp. 609--668.
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J. Linkage Analysis - The purpose of linkage analysis is to achieve

rational taxonomy. Given a set of data about the characteristics of a

population, linkage analysis can be applied to "collapse" the original set

of data into smaller groups of data whose characteristics within each group

are nore similar to each other than they are to data in other gr ips. In

other words, linkage analysis seeks a logical differentiation of U.ta. One

crucial influence on the success or failure of linkage analysis is the

effective measurement of the attributes of the population under scrutiny.

Measarement scales should be identical for using linkage analysis when

several variables are considered and the measures themselves should be clearly

descriptive of a significant characteristic of the data. 1he original data

which has one or more characteristics attributed to each observation unit can

be thought of as representing complete detail in description. Linkage analysis

is the vehicle to group observations according to likeness of characteristics

values, all the while increasing generality while decreasing the nuiaber of

observations. Linkage analysis provides a logical technique for accomplishing

this task with a known amount of loss in detail as each step towards generality

is taken. When many variables are involved for each observation and a technique

such as factor analysis is used to produce composite factors, then the

cou.plexity of the analysis tends to obscure the meaning of the generalized

categories that result from linkage analysis. It is true for the application

of all statJstical techniques, especially one such as linkage analysis, that

judiciou', use of data by researchers who know the systems they are studying

yields most satisfactory results. Computer processing of data, programxmed

for linkage analysis, supplies the researcher with a valuable tool for
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I
regionalizing an area according to a logical procedure.

IK. Location Patterns - One of the fundamnta- problems in geography is

to describe and explain the locations of various types of phenomena. The

description phase of much geographic work involves the construction of dis-

t tribution maps. Basic types of distribution maps are dot maps, volume maps,

choropleth maps, and isoline maps. A dot map assigns a value of the phenomenon

[ to be mapped to one dot, and then the dots are placed on the map where the data

exist on the actual earth's surface. The groupings and dispersions of the

[ dots thus portray the spatial distribution of the phenomenon. Volume maps are

similar to dot maps, except that symbols for the value of the mapped phenomenon

vary in size to represent its different quantities or volumes azcording to aa

f established scale. One of the most common examples of this type of map is

that in which the area of a circle is varied proportional to the value for the

F phenomenon at a particular place. The distribution of symbols and their size

portray the areal patterns in this case. Choropleth maps sum data by a set of

areal units, the units are then shaded according to the categories into whicb

-- - the data are divided. A problem arlises in this type of mapping, since it

must be assumed (contrary to common knowledge) that the value for the data

F. is spread evenly throughout the areal unit utilized. The problem thc-oretically

reduces to one of scale, however, because the areal units can be shrunk in

size (in..reasing the number of units) until a sufficient number of units is

achieved to adequately portray the spatial distribvtion of data being studied.

Practically, this procedure is seldom feasible. An isoline map also shows

I_ variations ir. the "intensity" of a factor as it varies over space. Each

- isoline is drawn through all the points on thi map that have the sae value.

i : 1

-- King states that the old-fashioned linkage-cluster analysis has been replaced

by principal cornponents-factor analysis. King, L., op. cit., p. 165.

I
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-' The patterns of lines on an isoline map indicate the locations and values

I Tof phenomena shown. An isarithmic map (special type of isoline) further shows

the rate of change in the phenomenon as it varies from place to place.

Analysis of the patterns displayed on all four types of distribution

maps can be done directly on the maps, or by machine or manual techniques

from data extracted from the naps. Overlay study of covariant features,

densitometer scanning of dot maps, profile construction on isoline maps are

examples of the former; while many types of areal statistics might be

extracted from the maps for other forms of analysis of the latter kind.

The above-mentioned uses of distribution maps are more or less traditional

lines of geographic inquiry, but new technique, -to pursue the same goals are

emerging. One of the more interesting new techniques is computer mapping,

suggested in scction C. Data stored in appropriate computer format may be

retrieved and analyzed in numerous ways, the results issuing forth in the form

of .a computer print-out map. Another new technique which shows great promise.

of eliciting extended types of understandings involves using non--Euclidean

geometries and measures for the "friction of distance" other than -imple
1

physical distance. Map transformations, that is inversion, projection,

topologic stretching, rotation, and others, are further manipulations of mapped

phenom.,ena that can provide new perspectives in geographic analysis.

Location theor- has been developed principally by economic geographers

and economists to help in the scientific description and explanation for

locations. The report, 'The Science of Geography," of the Earth Sciences

Division N.A.S. - N.R.C. proclaims a hierarchy of Location Theory, bas'ed on
2

a fusion of ideas from ecoaon-ic, urban, and transjort.ation gography.

1

For ,i-orc detail., see: Cole, J.P. and King, C.A. *'., oP. cit., pp. 69-79.

2
A!) U,0C CoinnItt.c c on Ceograrphy, Ieio Sc :(i•iqmc o' (cogrnlh.y, pp. 45-46.
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Spatial structure, functional organization of spatial systems, temporal

dynamics of spatial structure and functionpl spatial systems, and normative

models are the major categories of this location study hierarchy. Spatial .

structure comprises the study of location patterns on the earth's surface,

described and analyzed by various branches of mathematics and statistics.

Functional systems in geography concerns linkages and flows, with themes such

as accessibility, connectivity, dominance, and hierarchy. Temporal dynamics

j of course introduces the time elements. Comparative statics, process,F equilibrium (borrowed from economics) are here imputed with spatial dimensions.

Normative models try to derive efficiency, solutions to spatial problems. They

"seek to discover the optimum ( or minimum) spatial organization in the light of

various contraints.1i
L. Poisson Distribution - The purpose of the poisson distribution is

V 1
I to analyze a pattern of points in two-dimensional space. One assumption of

the model is that the process which generates the point pattern is random.

1. Thus the criticism arises that the assumed "independence" of points in a

• isystem is not realistic. The technique can be utilized, however, where the

underlying purpose of the analysis is merely to compare an actual dis-

tribution to a standard, in this case the standard is something other than

a common real-world distribution. The Poisson distribution might be con-

L- sidered a probability model, becei:se in its use, the researcher often asks the

" qu question: "what is the possibility that an 'event' occurs at a particular

location?" A grid is selected to cover the mapped distribution, and the size

of the grid squares and configuration of the gtid itself become significant

research operational problems that must be solved. Once the grid is selected,

For more detail, See: King, L., op._cit., pp. 41-45.

I
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the procedure is to tabulate the occurrence of points in each grid cell and

then compare this actual distribution to a theoretical distribution generated

by the Poisson function. Perhaps the most serious criticism of this technique

is that the model does not in fact describe the point pattern (as for instance

the nearest neighbor statistic does), but rather it merely describes the

possibility of finding points in any given quadrant. Obviously the success of

the analysis provided by Poisson distribution depends heavily on the sector

of reality being examined.

M. Probability Maps - One type of probability map has been suggested

by Choynowski in an article entitled, "Maps Based On Pro&abilities." I Rather

than map the absolute incidence of some phenomenon over space, the technique

applied in this study compares the probability against the actual occurrence

of the phenomenon in order to gain further insight into the geography of

variation of the phenomenon. Such a procedure eliminates non-significant

spatial variation in the phenomenon that can easily be explained by differences

in obviously important other variables. Taking the observed average occurrence

of the phenomenon as a base and then comparing these data with a Poisson dis-

tribution, categories of deviations between actual and probable occurrence

of the phenomenon helps to pinpoint areal variation which are not easily

explained by change, poor sampling, or major influence from another dominant

variable. Thus the probability map refiaes areal variation in a phenomenon

into "truly significant" variation.

Choynowski, Mieczyslaw, "Naps Based on Probatilities," in Berry and Marble,

opcit. pp. 182-183.
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centers on the fact that in addition to the mathematical requirements thatCA
must be satisfied, there are also spatial. requirements which must be satisfied,

to insure valid geographic sampling. The usual types of samples, random,

systematic, and stratified, may also be done with spatial data. For a random

system, samples may be taken from the map by generating map coordinates from

some pre-determined series of random numbers. In effect, this method utilizes

whatever grid system is specified by the coordinate system. A systematic

f •geographic sample starts from some randomly selected starting location. All

r Isubsequent points iranwhich data is taken are determined by some fixed rules

or repetitive procedures. A stratified geographic sample first subdivides the

r[ study area into zones or strata. Then the sample data is selected from the

zones either randomly, systematically, or in some aligned fashion. Choice of

F •the sampling system utilized of course depends upon the problem that is under

[ consideration.

One slight modification of the above examples is the traverse. In a

traverse, a sample of data is extracted from an area along some pre-determined

line or traverse. One must be careful in this type to avoid biases such as

taking the data sample along a road through an area. Land use, for instance,

might be significantly different along the road from what it is in other partL

of the region. The traverse lines across an area likewise might be random,

J systematic, and possibly even stratified. These types all refer to the

methods in which traverse lines are selected.

P. Taxonomy Based on Distance - When a group of observations of areal

i data is at hand with no apparent classification scheme presented, then the

11

[-distances among observations may be used to group the data. This system

See: King, L., op.ct.,pp. 198-204.
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is similar in procedure to linkage analysis, since the ultimate step in

classification groupings is to have only one group composed of all observations,'

Iit called a "complete linkage tree." A distance matrix is first constructed, in

which observations are placed into the cells of the matrix according to their

relative locations in their actual area occurrence. In a step-wise procedure,

the two nearest observations can be grouped. When this is done, the distance

matrix must be changed to reflect the group-of-two observations, all new

distances reckoned from the center of this grouping. The question as to how

many groupings shall constitute an adequate classification is a moot pcoint.

Probably the best that can be said on the subject is that the researcher with

a "feel" for his data must make this decision as it arises with a view toward

his objectives clearly in mind.t

Q. Testing Geographic Hypotheses - Clearly, geographic hypotheses are

concerned with explaining the location of phenci:-,na or in interpreting the

significance of distance for some specific situation. King states that these

tests often relate to parameter values or the differences between parameter

values. The means of two sets of data might be compared, for instance, to

ascertain whether or not the observed mean fit a preconceived statistical

pattern. A level of acceptance for the verification of the hypothesis is

set up so that the researcher will have a yardstick for accepting the sample

mean as close enough to the theoretical mean for an idealized distribution,

or rejection of the hypothesis if too much deviation between actual and

theoretical obtains.

1 For a brief discussion of this topic, See: King, L., Ibid., pp. 72-82.
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Another general type of hypothesis testing concerns the supposed

relationship between/among variables. The discovery of functional relationships i
among variables is a fundamental procedure in science which aims at the

statistical explanation of a dependent variable in terms of one or more 4

independent variables. Many new techniques have been adopted to the task

of testing geographic hypotheses, including regression analysis, factor

analysis, chi square, and others. Successful establishment of functional

relationships after rigorous statistical assumptions have been fulfilled

V permits the valid extrapolation of results from the case study examined to

other similar cases. If these assumptions are not fulfilled, the techniques

are still useful for describing the parameters of the disý.ribution that has

been observed.

Various techniques to describe the "goodness of fit" of data also

F •qualify as hypothesis-testing techniques. Essentially, these techniques

compare different statistical models with the observed data. The Kolmogorov-

I. Smirnov test first generates an idealized representation of some form of

statistical distribution. Cumulative percentage of the actual distribution is

compared to the idealized distribution to ascertain the degree of correspondence

f between actual and ideal. The underlying idea of this and such tests as

Chi Square is the examination of the null hypothesis, that ia that there is

i no difference between the observed sample and what might be expected from a.

given distribution. Many new hypothesis-testing techniques are being

F developed in all kinds of geographic studies.

, R. Urban and Settlement Models - Urban places are of great interest

in modern geography because they represent a specializcd human organization

of space. Recent trends in urban geography have been directed at- the

I.

I:
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• [formalization of concepts of urban geographic systems. Garner lists Aix

premises that are important in the geographic study of urban systems: 1) the

spatial distrittion of human activity reflects an ordered adjustment to the

"friction of distance, 2) locational decisions are made to minimize the friction

of distance, 3) some locations have better accessibility than others, 4) human

activities tend to agglomerate to take advantage of economies of scale, 5) the

organization of human activities in space is hierarchal, and 6) human occupance

is focal in character. "In this way, movement-minimization, accessibility,

agglomerations and hierarchies are linked together to form a system of human

organization in space." 1

Central place theory as innovated by Christaller and expanded upon

by Berry and associates has been the core concept around which much of the

new work in urban systems has centered. Trade areas, arrangement of central

places, the hierarchy among central places, ranges of goods and services, and

interaction among centers are all topics whose main outlines are now well

known but whose functional interpretations demand much more work. The internal

characteristics of cities can also be studied as geographic phenomena, by use

of the full range of spatial tools and concepts. This aspect of urban systems

has not received the treatment it deserves in comparison with the external

characteristics of cities. A new behaviorist a',proach to the study of internal

city spatial organization is now emerging. This idea pleads for a reversal In

the traditional interpretations of cities towards interpretations that are

derived from the urban dweller's perception of bhi. spatial environment. The

traditional approach propounded interpretations of city phenomena in terms

See: Garner, B., "Models of Urban Geography and Sattlement Location," in

Chorley and 1laggett, op.cit.pp. 303-360.



of economic-social-political geographic concepta which are far removed from the

individual human city dweller's realm of existence. Because cities serve one

major function as a habitation for man, study and planning for city development

s should be aware of this perspective on urban problems.

so Variance, Analysis Of - This is a procedure that seeks to discover

ifwhether or not two or more statistical samples could have come from the same

statistical population.. The test examines the variation in the two samples

to see if the variation within the sample is as great as the variation between

£ the samples. Comparison of within and between variation yields a ratio which

pr-)vides a value of "F." Given the appropriate degrees of freedom and a levelC
of significance a "table of F" may be consulted to determine whether the "F'

value obtained is high enough to support or reject the hypothesis that the

samples are derived from the same population. This parametric test is

E obviously one of wide applicati.ou. Any set of .mpled statistics that are

normally distributed can be examined rigorously w~ca the analysis of variance.

EOne special application in geography might be the formulation of statistical

regionalization categories.

F
I

1

lliFor pore information, See: Cole and King, op.ci.t., pp.126-128.

[iI



-57-

TI - EXTENT

A. Classification and Regionalization - The formation and mapping of

regions has been basic geographic methodology for many years. Field observation

and mapping, choropleth mapping from published statistical sources, and mapping

by tracing overlays from other maps have been traditional means :for constructing

regions. New techniques have sought rational systematized procedures for

formulating regions. Particular emphasis has been placed on the capability

to group single factor data into a logical. taxonomy and to combine diverse

factors into generalized locational characteristics of areas.

Discriminatory analysis aims at the allocation of data in a group to one

or another class. In analysis of variance, for instance, two groups of data

f can be tested to ascertain whether or not the variance within the sample group

is greater or lesser than the variance between the samples. If the latter is

true, then the groups are considered to have internal cohesion, thus logical

classification. Regions of the grouped data may then be plotted on a map if

theý actual place occurrences of the data are known. There are many different

types of discriminant procedures, basically differentiated by the type of

transformation used to separate data, the rules for determining class

representative points, and the distance function used for measurement of the

relative location of the points. King refers to work done by Casetti in

describing the use of discriminatory anal.ysis iterations, thusly: they are

useful to evaluate the quality of a classification, they serve to identify

the cores of classifications and regionalizations, and they can be used to

1
See: King, I,., op ct., pp. 204-215.



test the validity of classifications compared to classifications of the same

-type of data, separated from the original set of data by space or time. 1

U Use of the theory of sets in classification and regionalizaLion probleiis

is discussed below under the heading of "Venn Diagrams."

B. Correspondence Of Isarithmic Maps - The purpose of this technique

is to make a comparison between the undulations of statistical surfaces on

2
two or more isoline maps. Not only is the question of area investigated,

but also the problem of the azea variation in ..ntensity of two or more

factors (a three-dimenu ional analysis) is investigated by the technique.

Robinson relates the following decisions that must be made when this type

analysis is attempted: "(1) the manner by which the requisite paired data

are to be obtained from the maps; (2) the determination of the sizes of

the unit areas for which to obtain the paired data; (3)'the selection of

Ithe number of pairs to be used in calculating the coefficients of correlation,

and (4) the spatial organization of the areas to be represented by theg i

1ii pairs selected.' The technique thus uses linear regression analysis(then

two maps are being compared), selecting the observations in a regular waySI':
so that the total area of both maps would be represented in the sample.

Robinson in a study of thl correspondence between population density

and rainfall on the Great Plains riots Ihe correlation coefficients on an

overlay of the area to determine the area variation in correspondence between

1 King L., bid p. 214

! jT 2 Sgo: Robinson, Arthur H., "Aapping the Correspondence of Isarithitic Napa," in

Borry and Harble, a~. cit., pp. 301-312.

Robinson, Ibid., p. 305.
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the two fe.'tors. A grid of forty offset large squares in adjacent columns, J

each con3isting o0 sixteen 1,064-squire mile units, was used as a base to

I gather and calculate data. Correlation coefficients were calculated by .-

comparing the data of the sixteen small units and then placing that r

* value in the center of the larger square. The forty control point r values

were used to construct a isoline map of correspondence by interpolating

betwieen control point values. Correspondence maps for three different dates

were drawn and offered for analysis. The conclusion was that the degree of

correspondence displayed on the maps could not have occurred by chanc. -. Thus

Robinson believes that the combination of cartographic and linear' regression

* analyses offer great' potential for comparing isarithmic maps in many kinds

of geographic problems.

C., General Field Theory Of Spatial Behavior - "The field theory involves

a spatial system that comprises places, the attributes of these places, and

-'the interactions amon'g'them." I "Structure" and "Behavior" matrices are

con ceived'as- the bases for this system, the former composed of a reduction

of the near-infinite number of place characteristics to a manageable number

of meaningful concepts that describe places, while the latter is composed of

the interactions between pairs of places. Since both types would represent

cbhracterlstics for one time period, process or change with time could be

included by constructing the same matrices for additional time periods.

Berry describes the basic postulates of the field theory in the following

way: "%.(a) Dyadic spatial bohavior is a function of the ways in which the

fudamental spatial patterns charactcriz places. (b) changes in spatial

behavior result frot, changes in the character of places as spatial processes

Berry, Bripu J.L., "A Syntheals of Formal and FunctLonal Kegions Usiug a
Genernl Field Th1•cry of Spatial Beha.vior," in Berry and '",nrble, o.cit~p. 419.
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run their cour3e. 2.(a) The characteristics. of anyplace are largely dependent

upon Its relationships with other places. (b) Changes in spatial interactionsi-lu give rise to changes In the character of places." 1 Berry then continues in

the referenced article to describe the mathematics of such an analysis.

| The field theory technique as Berry envisions it seems particularly

sensitive to the collection of relevant data. Not only are large quantities of

hard data needed for many places, but also the concepts that give meaning to the

) data must be unusually perceptive about the particular place being studied if

significant results are to emerge. Given the quantity and quality of data, the

field theory technique still appears to offer only a mechanistic, unrealistic

analysis of real-world complex spatial systems. The term "spatial behav-.or"

seems especially inappropriate in referring to the interaction between places

- because this idea connotes "choices," whereas the proposed model only considers

determined attributes of the places in question.

L;
D. Geographic Data Matrix - This analytical technique is proposed by

- Berry as an attempt to systematize and synthesize the major geographic approaches,

' iregional and topical.2 The idea is to array data into columns and rows, the

columns representing places, and the rows representing characteristics of

those places. A cell, the intersection of a row and a column,is a geographic

fact because it Is a bit of Information assigned to a specific place. A

Column is a regional study because it describes many characteristics about one

place; a zow Is a topical study because it describes the variation tn one

1

Burry, Ibid., p. 420.

2 Berry, Brian J. L., "Approaches to Regional Analysis: A Sytithests, " in Berry

and Marble, Ibid., pp. 24-34.

V.
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factor as it differs irom place to place. Several matrices can be constructed

for different historical periods to add the time dimension. All sorts of

combine a.ions of rows, columns, and time periods can be p&ermutated to study

problems at different scales and at different notches along the regional-

topical continuum.

The Geographic Data Matrix becomes an intriguing idea when associated

with computer technology. One can imaginee-huge mass of data about an entire

country stored in the memory of an electronic computer. A researcher need

only ask the machine for a given topic, area, or combination analysis and

virtually instantly receive a printed map of the results. Or possibly the

"stored data could be recalled onto a cathode ray tube for manlpulation by

introducing changes into the matrix that has been in spatial equilibrium.

All that these possibilities must await are computer storage facilities

large enough to handle this size load, and collection cap;.bilities to gather

the large scale &mount of information.

1
E. Geometric Interpretations - The "Washington School" of geographers

believes that geography can be methodologically described as applied geometry.

This thesis surely emanates from the desire to make geographic analysis more

scientific, to provide it with underpinnings for a conceptually significant

discipline. The truth in this view of the field comes from the fact that

most geographic problems concerti the portrayal and interpretation of the

spatial diitensiuns of phenomena. Taken literally, however, the applied

geometry approach serves only to descrtbe what migit be called the structure

of spatial systems. It is evident that this type of ana.lysia must include

See: Cole, J.P. and K ,. o p.cit., pp. 69-97.



-62-

V concepts and understandings beyond geometric form in order to attain realistic
Interpretation of reai-world problems. Likewise, it is Plear that geometries

that are infused with valid real-world analog-type definitions can bL ex-

ceedingly important in geographic analysis.

L Because most of us have been taught to think only in terms of Euclidean

I•plans geometry, the idea of different conceptions of space seems foreign. A

corollary of this for geographers is that we have become accustomed to map

) oriantation in which north upward is the "normal" position for viewing a

map. The New Mathematics has now come along to show that there are other

valid mathematical concepts that can be applied to scientific endeavors to

obtain new perspectives on old spatial problems. Affine and projective

geometries are of only marginal interest to geographers, although the latter

has some importance in remote sensing imagery and in map projection work.

Topology is a field of mathematics that concerns surficial relationships.

and thus has direct relevance for geographic studies.

Topology differs from Euclidean geometry in that it treats the basic

problems of order and contiguity, rather than such concepts as distance,

orientation, and straightness. On a map of cities served by an airline,

the sequence of cities along the route is more important to show than the

exact mileage among them. For a study of the spread of a disease, contiguity

of observation units would perhaps be more significanL than' the size, distance,

or orientation of the units. In both of these cases, topology might be used

productively in place of Euclidean geometry; for problems in which scale

and shape concepts are essential, then Euclidean geometry provides the

Cole and King, Ibid., p. 85.
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appropriate tools. Another property of topology the. proves useful is its'

"stretchability." This means that in preserving order, the shapes of a

region could be deformed without loss of sequence of cities, or any other

point information. Deformation of the two-dimensional figure is known as a

transformation.

The terminology of topology also lends itself to geographic application,

even though it is not entirely standardized among writers on topology.1

Nodes (vertices), arcs(edges), and regions(faces) have their counterparts in

Euclidean geometry as points, lines, and surfaces. Whatever the specific

"terminology, the connotation of zero, one, and two-dimensional figures in

Stwo-dimensional space is clear. These figures supply concepts for the

analysis of networks, nodal avd homogeneous regions, and sets which combine

nodes, arcs, and regions. There also exists a three-dimensional topology

with its own terminology and conce ,ts.

F. New Mather'atics - The new mathematics has created a body of ideas

2
that permits us to manipulate and interpret data in novel ways. Two of the

new concepts are Boolean algebra and set theory. Boolean algebra has only

two constants, 1 and 0 and three basic operations, inversions, and, or.

Inversion Is performed when one constant becomes equal to another constait.

For example, I (not one) = 0. The and operation connects two or more

constants or variables; the answer is 1 only if both constants are 1. Or

also connects two or more constants or variuables and the results equal I

if either or both constants are 1. Boolean algebrA has direct application

to the operations of electrical circuits and theruforo to digital computer

Cole and I1n&, bi.d., p. 87.

For a dlsct,,iion of nov ,'Lthoat teal concept• uarful in Geography

See: Cole and King, Ibid., pp. 25-97.
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Set theory concerns the manipulations of groupings of data. Sets

fw1 are. determined by the presence or absence of some significant characteristic(s)

of the phenomenon under study. Terminology used is as follows: a universal

set is one composed of all the observed units with the characteristic in

common; an element is one observation unit with the appropriate characteristic,

and this defines membership in a set; a null set is one with no membership;

"fI equal sets are those in which the elements are equal; a subset is a set

cow.posed of elements with similar characteristics to each other but different

from the characteristics of other elements in the universal set, but at the

same time, all subsets must have some characteristic in common to be grouped

together as a universal set. Operational characteristics of sets are:

complezent of a set is all elements of a universal set that are not included

- in a given subset; unlton of sets is a combination of all members of two or

nore sets; iutersection of sets is the common membership between to or more

sets; disjoint sets are those which have no membership in common; a one-

one correspondence is a correspondence in which each member of a set has an

I esect correspondence with a member in another set.

It Is fairly obvious that set theory formalizes many ideas used in

geography for many years in the construction of regions. The benefit to

the discipline is thus not one of innovation, but rather it Is one of

more rigorous thinking about the same aroblems we have wrestled with before.

¶ More about set theory's visual representatioas will be discussed in the

section on Veun diagrems.

C. Isotropic Plain - An isotroptc plain is "...elementery. abstract,

geographical space that has no difference from wlace to place or in one

1i.
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direction to another; that is, not only are places the same, but movement

effort is the same in all directions from every place." 1 This abstraction

is made so that attention can focus on the interrelationships of the

significant variables being examined. In other words, the isotropic plaia

.Is the attempt to hold all non-essential variables equal. Systuen provides

f •, the example of a teacher and students in a building with no furniture, the

flat polished tile floor representing an isotropic plain. The functionr

of teacher, students, and the varieoles involved with the transmission and

reception of words determine how the students will arrange themselves

around the teacher. Chairs, pillars, glare from the floor and other

factors would all tend to distort this idealized teacher-students spatial

-" pattern. However, these factors are only of secondary importance, and the

Isotropic plain assumption simplifies the analysis and isolates the

significant variables of voice and hearing ranges. The isotropic plain

concept Is useful for a great many problems in geography, especially those

A 'nich involve movement over space.

I. Map Transformations 2 - Map transfoimations change the size,

shape, or orientation of a mapped phenomenon in order to emphasize a feature,

or to show a "true" representation vf the spatial ditension of the phenomenon.

The transformation Is done strictly according to twh rules of the trans-

formation system selected, and thus some map properties may be intentionally

distorted systematically, in order to create properties that demonstrate

a particular interpretation. This Idea has recently Zained si:ificant

Myetuen, J., "Identification of Sono Fundamental Spatial Concepts," in
Berry and Marble, o_.cit., p. 37.

See: Cole and King, g ., pp. 75-85.
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P status in geography because modern research has shown , that valid geographic

interpretations involve not -only .oncepts about physical space, but also

concepts about abstract space dimensions. For instance, most geographers

I .j are familiar with William Warntz's work on the population space potential

of the United States and other areas. His maps attempt, to show the area

S[3 variation of the statistical surface of aggregate accessibility to population.

The idea he propounds in this work is that a common map of population density

(basQd on Euclidean concepts)-does not truly convey the cultural-economic

effects of large agglomerations of population. His technique for generating

population space potential surfaces thus transforms the Euclidean point

density surface into a surface that considers aggregation. The "market

view" of the United States is a well-known map that distorts the actual

physical size (again according to Euclidean concepts) of the states into

sizes proportional fr the economic buying power of the inhabitants of the

states. The resulý is to shrivel up the south, Great Plains, and .ountain

states and to expand the size of midwestern and northeastern states. The

visual impre:sion of such a map shows the states according to the-.r "true"

economic spatial dimension.

j ~Numerous other types of map transformations can be made , ranging from

a simple rotation of the map so that a direction other than north is tc the

*• top of the map to the utilization of unusual mathematical systems. Rotation

and relflexion (showing the mirror immage) are simple procedures forI
presenting the map of a place in a way that is different from the usual

orientation of the, map. The basic idea of the transformation is that a now

perspective on the area might suggest relationships that are not clearly

[i
, i
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J Or readily seen from the usual orientation. Topological and some other

T •geometric transformations have been briefly discussed above in section E.

Again, the purpose of these transformations is the portrayal of a special

interpretation of a map which might be obscured by its Euclidean representation.

The possibility of novel map interpretations bl either new mathematical

techniques or new definitions of familiar concepts and variables bodes a

whole field of geographic methodology that has only recently been recognized.

"Maps have often been called geographers' models of space. Maps used

"as analytical tools rather than used as mere graphical displays have the

character of an analog experiment through the device of cartographic symbols.

Spatial variables, sometimes in combination with temporal variables, can be

measured, manipulated, and the results presented on maps with the aid of

computer or traditionel methodology. A spatial diffusion problem could be

presented on a series o0 maps; the growth of population in a state traced

through a cartographic sertas; or projections about the possible spatial

distribution of phenomena given various sets of constraints might be all

analyzed by cartographic - compilter systems. A "real-time", or condensed/

expanded time spatial model of a variable such as traffic flows cen be

analyzed or be used as a teaching instrument by an electric analog system

which combines cartographic and computer techniques. A series of maps based

on a step-wise regression analysis plus the mapped residuals from regression

is an example of an iterative solution to a spatial problem. This latter

technique seems to hold much pruntise as a statistical-cartographic

procedure that effectively utilizes both analytical approaches. Abstract

For a full discussion of the topic,See: Board, C., "Maps as Models,"

In Chorley and Haggett, 2 p.c.it., pp. 671-725.
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Sproblems of space interpretations of course can also be handled through this

type analysis.

I. Quantitative Definition Of Regions - David Grigg in his study entitled,

Ii "Regions, Models and Classes," delimits the following necessities for good

regional classifications: 1 first that the objective of the regionolization

scheme be as cimple as possible. A single factor region is conceptually

p and methodologically easier to work with and to interpret than a multi-

factor region. His second point indicates that differences in Kind should

V be relegated to different classification systems. This rule has some

important implications that might be glossed over because the main argument

I• is so obvious. The significant idea here is that subtle but generic

r differences in what might appear to be a homogeneous category of things must

be considered if the classification system is to be meaningful. A third

Spoint is that classifications, like all scientific knowledge, should be

periodically subjected to critical scrutiny anew when additional information

V about the subject of the classification becomes a\4ilable.

Fourth, regional classifications should be differentiated by the

differences in properties of the objects that fit into the classification.

The pupose of this rule is #o insure that soIe inherent and concrete

characteristic be differentiated rather than some peripheral and nebulous

one. Fifth, that classes should be €:,haustive and mutually exclusive. To

elimate any pertLinjn. data or to crea•te overlapping categories is to render

the classification system tici•nLifically unsound. Sixth, the criteria or

I.
Crigg, David, "Regions, Models and C]asses," in Chorley and Haggett, id.,

1 pp. 461-509.

I
I - - - . ... .

-U
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principle upon which regional divisions are made must be held constant

throughout the whole classificatory process,

Seventh, the principle of division and the differentiating ctrracte-istic

must be significant in the context of the phenomenon being studied. Lacking

"this, the classification scheme is frivolous. The last rule is that if the

classification is to have several orders of magnitude, then the data properties

being differentiated should have higher v-lues in the higher categories.

If all of these basic rules of classification are followed, then the regional

systems that geographers devise will be more meaningful and more scientifically

valid.

J. Regions As Models - Regions are tools of spatial analysis that

geographers have utilized for many years. Regions are of two types, formal

(nodal) and homogeneous, although the latter is the more general type and

the former can almost be thought of as a special case of the latter. The

common definition of a region states that a region is an area of any size,

homogeneous in terms of specified criteria. The formulation and mapping of

regions thus becomes a sort of a geographic classification of space. In

one sense, regions are geographers' models of a type of spatial system. As

an abstraction of reality (specified criteria), regions are in effect

simplified descriptions of the real world. If the variables in a regional

classification enable the researcher to understand the operations of the

spatial system under study, then the rcgional scheme can be called a Diodel

of a segment of the real world.

See Discussion In: Chorley and laggott, Ibid., pp. 494-500.
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In a similar way, regions that are based on one or several related

variables symbolically isolate these variables from others which may be

associated with the original set in place but not functionally related. The

region, an isomorphism of a segment of reality, specifies functional interre-

lationships of its parts, and therefore its growth and expansion may be traced

[ from the past, through the present, and into the future. This procedure

introduces the possible dynamic analysis of regional systems. In the past,

this dynamic analysis was only accomplished through a system that might best be

described as comparative statics, because regional change was studied by re-

creating various static cross-sections of time in the regional framework. New

techniques permit a truly dynamic regional analysis because the variables

can be treated as ongoing factors. The device of utilizing isomorphisms to

study the real world is common practice in physical science, but it has only

[ recently been widely accepted for use in social sciences. There is

greater difficulty in the social sciences, because the one to one relation-

ship between the real world variables and their analog counterparts is

difficult to establish. Actually, this general type analog study has been

fairly common practice in geography as often the reserxcher would study one

~ area and extrapolate results to other similar areas. However, vuch of this

type work ignored thn formal requirements of isomorphism techniques and hence

i Lsometimes naive conclusions resulted.

i•|I A slightly differtnt conception of the reaioa as a rodel niiht be its

use under controlled situations. In this use, the regioin Pgain specifies

certain variables as critical to the understanding of the actual sy•te.v under

i.I study and specifies that other variables in the actual systeu• be b•le constant.

H

[ .I

[I _ _ _ _ _
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This procedure is important, because in the simplification of the experiment, -

the researcher has better opportunity of comprehending the basic operations

of even complex systems. When the simplest regional systems are understood,

then the controlled constants may be introduced at will to clearly ascertain

their effects on the workings of the regions.

Another basic method of science, analysis, is also a task for which

regionalization is well suited. Perhaps many interrelated variables in a

system are quite well known. In order to better understand this complex

real spatial system, thf. system might be more easily studied by breaking the

component parts out into single fact-r regions. These single factor regions

can lead to insights that might be missed from trying to see the entire complex

picture at once. Conversely, some insights are better displayed through

examination of whole systems. The importnnt idea here is that the regional

methodology of model building is flexible enough to permit all sorts of

approaches for the study of spatial systems. This is the strongest

rationale for espousing the use of regionalization as a model-oriented

methodology in geography.

1
K. Residu&ls From Regression, I4aps - The residuals from regression

analysis provide excellent data for analytical mapping and interpretation.

Regression analysis statistically explains the areal variation in one

phenomenon in terms of the areal variation in one or more other factors.

As describcd in sccLion I-F above, the residuals from regression analysis

Seo: |laggett, P., Locational Analysis in HIuman Geography, pp. 278-280,

298--299.
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( represent the variation in the dependent variable which remains unexplained

after account has been taken of the included independent variables. The well-

* trained geographer is often aware of major factors which might influence the

spatial variation of a dependent variable he is trying to explain. Regression

analysis can be employed with the suspected independent variables in order to

[2 ascertain thE ex-planatory strength of these variables. Once this has been

accomplished, assuming the usual case that less than 100% of the variation I
has been explained, then the focus of furthur investigation can center on

the residuals.

The residuals are useful for the discovery of independent variables

that may not have been considered at the outset of the research project.

Analysis of the residuals is facilitated by the regression analysis because

IF the results of regression specify magnitude and sign (whether a positive or

negative residual) for each individual observation. For the geographer, this

information can then be categorized and mapped for spatial analysis. The

1- patterns of residuals on a map sometimes suggest the underlying causative

factors that have influenced such a pattern. Hence the mapped residuals help

Li the geographer probe deeper into the independent variables which influence

the spatial variation of his dependent variable.

L. Robinson's Solution - Robinson's procedure was developed tn provide

L geographers with a technique so that area] data could be used logically In

such statistical techniques as regression analysis. Areal enumteration

districts .Q- c:ensus type materIal are often couit•t•. or so;r,. cwnpara1l1ý unit,

1 See Discussion In: Thomas, Edwin and Anderson, D...itd, "Addittiotial or,,>'.nts

on Weighting Values in Correlntion An,'lysut or Avl 3Inat,,'• In bh.,ry PIId
Marble, Sk.eJAt., pp. 431-446.

i i
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that might vary widely according to size. Thus the magnitude of any

geographic observation unit (county for instance) can be affected by the

size of the unit. One way to handle the problem is to include size of the

areal units as one of the independent variables in a multiple regression

problem. Robinson's solution to the unequal areal unit problem is to include

a area size into the formulas for computing the regression parameters, &, b,

and r. Whereas a sample of the exact same spatial distribution in three

areas that had different size subdivision all yielded different regression

"r parameters when unmodified areal data were plugged into the regression

formula, the same parameters resulted from the three cases when areal

weighting was employed.

Thomas and Anderson claim that the Robinson solution is special in

nature and not a general solution to the problem of weighting ereal data.

"They state that the only two cases in which Robinson's solution is adequate

are: 1) the case in which the changed size areal units(aggregated) have

exactly equal density point functions, and 2) the case in which the ratios

of changed size areal urits' density functions are constant. For their

solution, Thomas aod Anderson distinguish among. s e (small collection from

a larger group), ppjtqliuatAon ( a larger body of data from• which samples are

taken and whose param.ters we try to detcrmine in statistical inference), and

universy" ( which Is a population plus all the same type of events which mlyt

have happened). Given this data level differntiatLion, then areal data play

be regarded cs riindon ai~he, to w-ich inferential te-ts of significance can

be applied to doterrmdn. -,h.thcr or not the rtrples have indece come frocn the

sabie th•ecrzticAl univrse. Con,;:arlsuo of re'ressIon poraraoter-- of the different
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f size enumeration districts solutions then can be used to determine whether

or not areal size does affect the correlation coefficients obtained.

The Thomas and Arlerson solution is cumbersome, inconclusive, and only

points to the need for further study of the subject. Perhaps the easiest

solution was advanced above, that is to include size of enumeration district

I as one of the independent variables. In many studies up to the present time,rthe variation in size of the districts has not made a significant difference

In statistical results of regression analysis.

M. Statistical Inference - Statistical inference concerns the

estimation of population parametern from experiments on samples of the data

and the testing of a whole "family" of a type of statistical hypothesis.

Many subjects of geographic research interest are comprised of so much &dta

that it is not economically feasible, or methodologically necessary to collect

all of the data in order to understand the problem that the data describes. If

a scientific sample of data is taken, then the sample is ccnsidered to be

"representative" of the larger popul. tion of which it is a part. When this

I situation is satisfied, many types of interpolation and extrapolation of

observed data may be made with a variety of statistical procedures. Thus

more Information is derived from the data then would be the case if purely

descriptive techniques were used to analyze a set of data. Hypothesis testing

usually takes th•e form of examining a given data sample by comparing it to some

-model distribution. Chi Square, the "t" D1stribution, and the "F" Distribution

are all standards for ;estlng various prvperties of sam'p]le diLstributions.

i Future useýs of Inferential statistics hit gcography night include such approaches

See: King L. p.ct., pp. 60-86.

1)
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Jas vonparametric techniques of statistical inference, rank order statistics,

and statistics based on subjective probability.

N. Trend Surface Analysis - Sometimes referred to as Regional and

SLocal Components Analysis, Trend Surface technique seeks to separate the

"signal" (true process-response) from the "noise," (chance occurrence)

factors in mapped information. Chorley and Haggett state tha. Trend

Surface Analysis is a logical extension of Regression Analysis to two

"dimensions and is derived from information theory. A map of some type of

geographical surface portrays information which must be learned through

interpretation of the data shown. Typically, it is point data that

generates the information for the mapping of a continuous surface, which is

often represented by a pattern of isarithims. " . . . and the most obvious

manner to treat them (isarithmic surface maps) is to attempt to disentangle

the smooth, broader regional patterns of variation from the non-systematic,

local, and chance variations, and then to ascribe mechanisms or causes to
2

the different comdponents."

Techniques to derive a trend surface from an isarithmic map vary from

grid generalization to the use of regression analysis. Crid generalization

is mostly a taatter of scale, because it ccn be ac.co:.plished by averaging

a series of control points to derive a xvore geýcral set for drawing thc

isariLthis. The trend surface in this casa depcnds heavily upon the n,•,bor

of origltinl control points thi:t are groupe.d; bccPause of thiis merr or

lfss sbtil iv,. ce07pu,,Cut , thOi -iproo-ch cooel bk, tr-.•;d, a selcttive L.ethcd.

More objetIv,,- in tunturv Js the ,;, V, rc,;ssion anlys~i to pcrrit the

orlr, ln:l control poilnL d-Lt to contrJbut, iti effect on 60, whole surracn

C110Itly, R.J. ild tVe, , ,1•. , "Tit. c-tic p.i-2.

It in lort w-I od~b.,p. cit.., pp. 195-217.

2
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rather than to affect only its immediate locale. The results of both methods

is a breakdown of the surface into two parts, the regional trends and the

local residuals. There are many possible techniques in both the "selective"

and "objective" methods of deriving trend surface data.

Trend Surface Analysis yields both descriptive and interpretative

I information. In the descriptive line, Trend Surface Analysis points to the

F morphology of the surface being studied, so that underlying causative factors

that have perhaps been u-isuspected might now emerge as significant factors in

explaining the variation in the original surface. The analysis can also add

input on the accuracy of the original data. As for interpretation, the further

designation of the regional trend into other considerations such as the major

- trend, discrete trend, or interlocking trend. These interpretations have not

been vigorously pursued in geography. An item of interpretation that has

received considerable attention Is the analysi- of the residuals from Trend

Surface Analysis. These of course are comparable in meaning and utilization

to the residuals from regre.;sion analysis.

0 . Venn Diagrams - For geographic applications, Venn Diagrars can be

"c.onsidered as diagrams of spatial sets. As such, they are merely a new way

to look at the traditional geographic tool, the region. Again, the ,oncepts

of set theory and Venn Diagrams are mostly a formalitation of older concepts in

the utilization of the regional method, which, .unfortunately, has been pursucd

witht only a hapho•ard application and adherence to fundamental concopts. In

this formaliantion trend, the transformation of geography into a :cientific

'Cole and King, o.E.St., pp. 30-43.

-I
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discipline is served because it requires researchers to think and act with.

more precision.

Venn Diagrams put the spatial dimension into set theory. They show the

area extent of such concepts as the univwrsal set, subset, complement, union,

intersection, and disjoint sots, all of which have their counterparts fr the

conceptualization of the regional method (that is the conbtruction, analysis,-V

and interpretation of regions). The univerbal set is analogous to the entire

area to be regionalized; a subset to a particular homogeneous or nodal region

within the larger region, the complement to all areas of the larger region

outside of the specified regional system; union to the covariation of regional

systems; interseetor to the combination of single factor regions into a new

system in which the covariat;on of single factor regions becomes a vultiple

factor region; disjoint set to the complete independence of two or more

regional systems. It is fairly obvious from the above that wide avcnues are

opened up to the geographer who ,vishes to make more explicit analogies

between set theory and the. regional method. Doubtless, many fruitful new

perspcctives can be gained from a wedding of the largely unorganized techniques

of the regional method ard the zore formalized procedures that set theory

and Venn Diagrams offer.
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'i1Ii~in. FLows

Flows of people, commodities, or ideas over space is a topic that has

emerged recRntly as a focus for much research work in geography, as a response

to new techniques which permit an adequate investigation of this topic.

Previously the common means for this type of map portrayal was either an arrow

indicating direction and size of a flow, or the comparative static technique

whereby the same factor was shown in its spatial distribution for two or more

time periods. New quantitative methods are now available that put more

realism and tore analytical power into the analysis of spatial flows. Some

of the more Lmportant techniques are discussed beloi.

A. Analog Models - Analog models can be applied to many different types

of problems in geography. The basis of discussion of this topic here is that

some siguificaat new developments in flow studies have made use of analogs,

The analog technique involves the construction of a model in which the real

world variables are transrormed into analogous and more familiar, simpler, or

easier to manipulate terms. I In essence, the technique tries to examine a

real situation by comparing it to a situation which is more readily understood

* and which has essential characteristics that are similar to the real situation.

Herein lies the crux of the adequacy of analog models: namely, the degree to

which real world characteristics can be imputed to an "artificial" representation

of reality.

Chorley lists four basic types of nnulog models, Abstraction, Mathem tical

modols, Experimental models, and Natural rodcls. Newton's model of gravitation

Chorley, R.J,, "Geography and Analo& Theory," In Rcrry and NIarble, .L..i•.,
pp. 42-52.

jI_______
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is an example of Abstraction. This type requires a simplification of reai

world variables to the point where all minor variables and huge quantities

of real world data must be discarded in order to arrive at the underlying

fundamental relationships of the system being studied. Incisive insight

by the investigator is a prime requisite for Abstraction analog model building;

this fact has obviously limited successful attempts in this direction.

Mathematical models start with the language transformation of words in a

simplified model into mathematical symbols. Concepts are then built into

the model to produce a mathematical system of one or mo- squations which

specify the relationships of variables and constants within the system. The

mathematical model can be deterministic or stochastic. The former is based

on the mathematical notion of direct cause-effect relationships, while the

latter are based on probabilities rather than on mathematical certainty.

Again the success of these models depends directly on the relevance and

comprehensiveness of the mathematical symbols in replicating the real world.

In this regard, it should be kept clearly in mind that mathematics is

merely a system of logic; meaning and interpretation of mathematical procedures

and results must come from the scientist.

Experimental models may be divided into scale models and analog models.

Scale models in some way try to imitate the real world situation to which they

refer as closely as possible. A wind tunnel, or a stream table are examples

of this type. The wind tunnel recreates the parametcrs of atmospheric

conditions on a greatly reduced scale so that the affect of certain changes

In these variableos on certain objects way be observed. The stream table

uses the same basic materials as its rcal wurld counterpart, running water
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-n and earth mantle, in order to recreate in condensed time the actions of the

causative variables and the effects (miniaturized landforms) that result fiom

[j the interaction of these variables. The attempt to define variables of human

behavior by analogs of physical world systems has recently received much
attention. One of the more interesting analogs for spatial flow problems is

the attempt to study transportation flows by the use of electrical circuits

and the flow of electricity throughout the circuit. In this analog, electrical

voltage is likened to complementarity, electrical wires to routes, length of

wires to the friction of distance, resistors to bottlenecks, and so forth.

Given a certain introduction of voltage into the system; the flow of electricity

proceeds around the circuit until an equilibrium in space is reached between

the factors which generate the flow and the factors that inhibit flow. New

sources of current can then be introduced to ascertain its effect on the

overall flow of the whole network. The one to one analog with the real

world transportation system made, the electrical model can alert a researcher-

planner about the possible effects of change in the variables on the overall

flow equilibrium of the transportation network.

N&tural models are used when a system under observation is thought to

have an easier explored historical approach in that the process at work in

the observed system repeats itself at other times or at other places, or both.

For instance, a researcher might think that he can understand the growth of

central places in the midwest by direct reference to the growth of central

S i places that has occurred in a similar environment in upstate New York at a

previous time period. Much "random noise" is generated in this type of

analogous reasoning and it should only be used with utmost- caution. Another

1.
1'
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form of model is to try to study a human system by reference to a physical,

I system. An example of this type is the study of human migration by analysis

of the mixing of two liquids of different densities. A slight variation of

this latter analog model type might be the study of the historical evolution

of urban manufacturing region characteristics by use of an analogy to biologic

growth of youth, maturity, and old age. The most infamous use of the biologic

analogy was the Nazi german geopolitik interpretation of international

5 relations.

B. Gravity and Space Potential Models - The Gravity and Space Potential

models measure the possible interaction of complementary masses over a cost-

incurring, time-consuming, and energy-absorbing distance. Thus many of the

core concepts of geography are included in this family of models. Distance

in the basic model is treated as a major hindrance to the movement of people,

commodities, and ideas. Since cost, defined in a broad sense to include the

expenditure of resources of all kinds, is cumulatively incurred for each unit

of distance over which things are transported, there is a general and regular

decrease in the movement of people, commodities, or ideas as distance from their

source increases. Thus relationships of decreasing intensity of human activity

with increases in distance has been observed in traffic flows, telephone calls,

news items in newspapers, prices of agricultural cormodities, the spread of

innovations, pairing of marriage partners, population migrations, shopping

center drawing power, the geographical distribution of the residences of

students attending "national universities," rural rents, and in many other

types of human relationships.

See: Carrothers, G. A. P., "An Historical Review of the Gravity aud

Potenttial Concepts of Hluman Interoction."
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SThe gravity-space potential concepts were formalized in mathematical

terms in several works by John Q. Stewart and George Zipf. 'In keeping

with the physical analogy from which the idea of space potential was derived,

concepts of "Force," "Energy," and "Potential" of human interactance were

reduced to mathematical symbols. Force of interaction, interpreted as the

attraction exerted by two masses for each other, is written as:

Si Pi Pi

d2 ij

where K is a constant corresponding to the gravitational constant; P and P are

tw "social masses:" and d2 ij is the square of the distance between the two masses.

V The force of attraction sets up an energy for interaction between the masses,

expressed as: E -K P where Pi and Pj again represent two social

d i/,•. ij

masses with a mutual attraction; K is another constant factor; and d is the

distance between the masses (note that is simple distance, raised only to the

first power.) This latter formulation of the gravity concept has been tested

by a number of scholars in different disciplines to examine actual relationships

of social interaction. A summation of the energy among all the masses in a

* given region yields the population space potential, interpreted as the total

possibility for interaction at any point, and written: ±Vj - Kt: (L4here

the symbols have similar meanings as the previous formulations. The major

difference in this model is that the concept of population potential

specifies that the total possibility for interaction at a point is determined

1 Stewart, J. Q., "Concerning Social Physics," "Demographic Gravitation: Evidence

and Applications.". "The Development of Social Physics," "A Basis for Social
Physics." and Zipf, George, "The PIP /D Hypothesis: On lhe Intercity Movement
of Persons," and "The Hypothesis of bhe 'Hinimum Equation' as a Unifying
Social Principle: with Attempted Synthesis."

;i
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"" by the interrelationship of all such masses in a region.

The flow concept inherent in space potential analysis can be utilized

to study problems in transportation and other types of movement over apace."

An example of what can be done with the model appears in a brief study in

Appendix A to this report. Especially significant for geographers is the

* map presentation and analysis that the technique permits. The model is

general in nature and applies to many types of human interaction. Because

it comprises the ideas of complementarity of masses, location and density

of the masses, and the effect of distance on movement of the masses, the

""' gravity-space potential model is "hard core" geography.

C. Spatial Efficiency - Notions about the minimum distance path in

a network of nodes and transportation lines is a general problem involving

movement over constrained space. Described variously as "The Transportation

Problem," or "The Traveling Salesman Problem," or others, the concept of
1

spatial efficiency has attracted the attention of many scholars. The

problem has many important implications in the attempts of man to organize

his spatial activities in an "efficient" manner. Efficiency is a concept

that must be defined by a society in terms of its principles and goals.

Once the definition of efficiency is defined, then the model can be selected

which minimizes distance, specifies order for travel through a system of

nodes, maximizes .umber of nodes visited, or whatever other objective is

desired.

One aspect of spatial order that has not been well examined is the

idea of a "spatial equilibrium." If i region can be said to have achieved

Haggett, P., Locational Analysis In Human GoolrAph, pp. 66-73.
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* spatial efficiency, then, according to the condition of the variables, the

region at that time, it can be said to be in spatial equilibrium. As in

5 economics where the concept is commonly used, the state of equilibrium can

be regarded as a theoretical state. The purpose of hypothesizing such a

condition is to focus on the values of the variables (and locations in

geography) that must be attained to achieve equilibrium, the effect on the

system of disequilibrating factors, higher level equilibria, and related

concepts. All of these lines of inquiry appear to be significant for the study

*of spatial systems analysis.

AMother type of spatial equilibrium analysis uses linear programming

techniques. The problem in this analysis consist of minimizing some weight/

distance fu.nction in a system where several sources of supply and markets

[ are combined into an interrelated pattern of commodity flows. Efficiency in

this context means that all demard must be satisfied from the sources of

supply that can satisfy demand with the least cost. All sorts of variables

Smight be included in the analysis, such as differing transportation rates,

differing qualities of materials, time factors within which demand must be

[ met, the effects of price competition and many others. While the technique

r has been known for some time, not many of the theoreti•cal aspects of the

analysis have been developed. This linear programming-spatial efficiency

would seem to have many applications to problems of the underdeveloped

countries where the economic system needs to be develored at the same time

I". that scarce resources must be conserved.

I IV. SUCCESSION

The idea of spatial succession adds the time dimension to geographic

a
• analysis. In traditional methodology, the time variable was most. of ten

I:



portrayed by the use of historic cross-section analysis . That is, the status

of some spatial system would be carefully displayed for a particular date.

Successive analyses of the same spatial system for different dates thus

demonstrated the growth, decline, stagnation, or other spatial change in

the system that might have occurred during the time span. As mentibned

above in section III, this approach ean be considered a comparative statics

analysis. Some new techniques permit a dynamic approach to the study of

spatial systems. A few illustrative examples will be described below.

T A. Harmonic Analysis - Harmonic analysis is a technique for

objectively describing and mapping a function which includes both space

and time dimensions. In the referenced study by Sabbagh and Bryson,

the authors attempt to explain the variance in month to month fluctuation

of precipitation from place to place in Canada. The technique used, harmonic

analysis, involves the comparison of the total variance of precipitation as

measured by the month to month fluctuation, to the several variance components.

A variance component is an independently calculated statistic that is specified

by a sine curve (harmonic), "so that the annual variance component or first

harmonic is a simple, smooth sine curve with one maximum and one minimum

occurring six months apart, while the semiannual variance component, or

second harmonic, is a sine curve with two maxima and two minima spaced

three months apart." 2 Each sine curve thus derive4 is fitted to the pre-

cipitation variation curve for each station studied by least squares methods

Sabbagh, H. and Bryson, R., "Aspects of the Precipitation Climatology of

Canada Investigated by the Method of Harmonic Analysis," in Berry and Marble,
o c. cit., pp. 250-265.

"2 Sabbagh and Bryson, Ibid., p. 250.
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to determine the degree of correspondence betveen the harmonic and precipitation

curve. The authors found that while six harmonics can describe the pre-.

1cipitation curve based on twelve moathly values, only the first and second

harmonics were needed to account for a large portion of the annual precipitation

variation. The fit between harmonics are measured in two parameters, the

"amplitude," which is a measure of one-half the difference between the maximum

•. Land minimum of the sine curve, and the "phase angle," which measures the time

of the year when maximum and minimum occur.

After the fit has been determined, the correspondence between harmonics

and annual variance can be mapped. The resulting pattern for the first harmonic

demonstrates the places where one maximum and one minimum precipitation regime

F •obtains in the actual data of Canada. Likewise, the areas which do not fii

this pattern well are also pointed out. The second harmonic, tantamount to

a different type of precipitation regime, can then be mapped to ascertain the

total amount of annual precipitation variance that is explained statistically

by the first two "type precipitation regimes." Thus it is that harmonic

I analysis can wed the time and space dimensions to analyze a problem where

S-the periodicity of the data is a vital factor. Since this type of problem

is restricted by the nature of variables required, the technique of harmonic

I• analysis is a specialized rather than a general one.

S5B. Markov-Chain Models - Models based on the Markov-Chain technique
1

try to predict the outcome of some event. The underlying assumption is that

• Ithe outcome of an event is directly dependent upon the outcome of some

imediately preceeding event, a sort of domino hypothesis of cause-effect

•I. relationships. Probabilities are generated in the model to predict the

Harvey, D., "Models of the Evolution of Spatial Patterns in Heman Goography,"

I in Chorley and Haggett, o_•cit., pp. 577-582.

i[
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I
behavior of a unit of observation in the .particular s"tem under study. Thus.

the full process of change is related to (1) the status of some immediately

preceeding event, and (2) a component of change expressed as a probability

function.

Utilization of the model requires much information and careful

formulation of the variables in the system. The outcome of any particular

3 Ievent is termed the "state" of that event, which must be linked to the state

of a preceeding event by a probability value which is termed the "transition

probability." If states can be defined operationally, enough about the

system is known to permit the accurate hypotheses about transition probabilities,

and the initial state of the system is clearly known, then the behavior of the

system is amenable to calculation by the Markov-Chain Model. Only if the

transition probabilities can be assumed to be stable over time can we use the

•i model to predict the outcome of events in the future.

"There are, of course, difficulties. We assume that there are distinctive

states of the system in the models we have so far presented, and that change

occurs in a series of discrete time intervals. But space and time are

conti.nuous variables. Similarly, the transition probabilities, which we

assume to be constant with time, may vary over time. Technically it is

possible to develop models which overcome all of these difficulties . . ." "But

such models are extremely complicated to operate and it will undoubtedly be

some time before such models can be satisfactorily applied to social and

economic development."

1 Harvey, Ibid., p. 582.
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5 C. Monte-Carlo Simulation - This model is based on a stochastic

process whereby some real world process is theoretically operationalized

3 and then sampling techniques attempt to obtain approximate solutions to

"the problem. There are three basic operations in using the model to

I examine some real situation: (1) the probabilities of a particular event

occurring must be determined, (2) a set of random numbers are obtained

to allow the selection of samples from the probability distributions according

to a specified method, and (3) the operation must be repeated many times to

get an approximation to the model.

The example of migrations of people among country, suburban, and urban

[ areas that Harvey offers helps to illustrate the use of Markov-Chain analysis.

It is first determined that there is a 40% probability that people will move

I i from a country to urban location; 10% proabability that people will move from

the country to a suburban location; and a 50% probability that people will

• [ remain in the country. Each probability set is translated into digits: 0,1,2,3

for the 40Z set, 4 for the 10% set, and 5,6,7,8,9 for the 50% set. Then, from

a table of random numbers, a digit is selected for each of 10 units of observation,

"and the indicated result - stay in country, move from country to suburb, move from

country to city - is charted for each unit for the "first stage" (first

Ssolution for the group.) At this first stage, the results can be tabulated t%

i ascertain the percentage of people that remained in the country; likev.'se the

other possibilities could be tabulated. The same process is repeated for the

"second stage," and again for ten stages or trial runs of the model. While

the percentage that remains in the country can vary widely between any two

. I barvey, Ibid., pp. 582-588.

1.
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stages, there is a tendency to converge towards an average solution aftex a

number of trials. This latter is also true in spite of the fact that thete

is great variation in total moves in the ten stages for any one observation

x unit, 8 in one case and 2 in another case.

This tendency towards an average solution that simulation procedures producU

is further illustrated by Harvey when he cites a study of a water resource

system in which a reasonable approximation to an optimal design was found
TI
after about 200 trial simulations. The total possible number of solutions

was "1023 '

V METHODOLOGY

There are a few new teochniques which do not readily fit into the

categories of the first four headings; these techniques are discussed below

under methodology. Methodology has become an important topic for social

scientists who are concerned with finding new parspectives on well-known issues.

Methodology, having been-spurred on by ne4 technological capabilities, is

closely related to the philosophy of science. Inquiry about the tools

scientists use is an important task, because the information we derive from

studies is directly dependeat upon the methods we apply to the data. It

is even possible that some analytical tools are constructed on a false

philosophical base. For instance, many "optimizer" models have been developed

wherein human behavior is thought to result in an optimization of alternative

courses of action. Scientists have recently come to believe that even though

men attempt to act rationally, they lack perfect knowledge about all sit.atious

and therefore could never hope to attain optimum solutions. The newer

Harvey, Ibid., p. 583.
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philosophy states that models should be based on a "satisficer" principle,

that is, offer solutions that satisfy a certain level of minimum acceptable

U onditions. Man with imperfect knowledge can then satisfy basic desires

without having the impossible task of seeking optimum conclusions.

A. Extended Point Set Theory - John P. Cole has a system for

classifying geographic problems which he calls "Extended Point Set Theory."

To him this is a true "dimensional" classification, based on geometric form.F The object which geography studies under this classification are zero-order

I (points and cities), first-order (lines and networks), second-order (areas

and states), and third-order (surfaces and terrain). In addition to an

L! established vocabulary, there are also standardized procedures and concepts

for analyzing spatial problems when they are cast in the format of this

extended point set theory.

Tht major fault with this type of classification is that in emphasizing

"the form of the objects studied in geography, the functional characteristics

"have been largely ignored. Often the analysis of a real world problem depends

on a functional interpretation of variables and not only a structural inter-

pretation. Classification should comprise a system whereby an essential

f Iquality of the objects, events, or characteristics being classified is

differentiated. This essential quality should enable the observer to better1'
understand the system of which the individual category is a part. From this

point of view, the axtended point set theory classification of geographic

problems is sterile. Perhaps the classification would prove appropriate to

i one segment of geographic concern that has homogeneous functional characteristics

S1 Cole, John P., Sit., pp. 30-43.

w.1
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and differs only ia form. In any analysis of this type, it does seem the case

that function must be introduced into the study at some 3tage.

B. Game Theory - This technique is a segment of decision theory andr has as its objective, the drawing of rational decisions from uncertain evidence.'

The latter is accomplished by selecting strategies in such a way to outwit an'

I opponent, either human or a force of nature. In order to employ game theory to

a practical problem, many simplifying assumptions must be made. In the example

that Gould presents, the problem is for a farmer in Africa to decide ahead of

time the crop combination he should chose among his alternatives in order to

maximize the food value ret.urn in the light of uncertainty whether the weather

will be wet or dry. This is the first assumption, that there are only two

significant weather possibilities. Next, one must be able to predict the

yield of various crops under the wet or dry conditions hypothesized, all other

factors held constant. Once this has been accomplished, the analysis proceeds

with a "two-person-non-zero-sum gaee" to ascertain which crop combination to

grow and in what proportions to maximize food value yields.

Many assumptions made in this example could not be made in a real

situation. This means that the model would have to be made more complex

because more variabl-es would need to be added. The sim-lified problem rould

quite readily be handled with pad and pencil, whereas Gould describes the

exp.nded problem as "computationall-y miserable." Machine technology seems to

be the answer to this problcem. The technique has proved to be a good

approximater of rccI~ity in one situation, uhen an anthropologist tried to

figure the proporLiocri or fish traps thltt a Jaraecan fishorian should set

close •n to shovre cor•,aroL! to tho04c, placed farthier out to sea. The

Could, P., "Nan Agarin.;t His Lnvico.;u!,t: A Game Toorvtlc Frwtizwork," in

Berry and Yi<olf C'lc.t., pp. 290-297.
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problem here is that the farther out the traps are set, the better chance

to catch good fish, but the more risk is incurred.for losing the traps.

IJ The result of this game theoretic solution was found to closely approximate

the actual proportions of close-in as compared to far-out trap's that the

[I fisnierman arrived at through trial and error.

F C. Spatial Systems Analysis - Peter Haggett has outlined a framework

for different types of models in the location of human activities which he

calls Spatial Systems Analysis. He believes that this outline is consistent

S-with the new paradigm of geography, the scientific examination of spatial

aspects of the man-environment complex which was discussed in the first

F part of this report. The outline is tied together in a systems theory

approach that a region needs a constant flow of people, goods, and ideas

to sustain itself, an excess of inward transactions means growth, while

j• an excess of outward transactions means decline. Adjustments in the

system are made in the direction of maintaining an efficiency among the

-•variables of the system, the regional flows and regional structure. Many

F regularities of structure and flows can exist and persist over space and

time. Comparison of regional systems shows that differing causes can lead

I to the same results. All of thcsc concepts are cast in systems analysis

terms, and the topics which form the major groupings of model types are

all components of these regional systens of one sort or another.

The first major topic which Haggett lists is movement, with sub-topics

of movement and morphology, interaction, concepts of "field" and "territory,"

f and d.ffuslons. Movement of course is one of the prime areas of interest of

Haggett, P., Locational Analy•is in Fumn Gcooi.1y, pp.

i.
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. modern geography. Space among functionally related places means that

j time and physical resources must be expended to overcome the spatial

separation in accomplishing the functioning of the system. :Movement

and morphology would encompass the types, sizes, and directions of

flows within the region. Interaction combines movement and distance in

the problem of satisfying complemenLarity among spatially separated

Tplaces. Concepts of field and territory introduce the idea of a spatial

sphere of influence, something like a field of magnetism would be in

physical science. Diffusions concern movement and time as Haggett notes,

but they also include the idea of area. Diffusion of human activities

entails the historical expansion of the area of occuparce of these

activities. All these avenues of inquiry have been truly opened for

scholarly study only recently by new techniques of analysis and new tech-

nology which made the techniques a feasible tool.

Networks are the lines of comamunication over which regional flows

must move, and their capacity and aliuerient are major influences on the

volumes and directions of flows. Location of routes, density patterns

of route networks, and models of network change are significant topics here.

Location of routes comprises the notion of structure or form of the con-

munication system iii the region. All types of geonctry, including graph

theory, tree geometry, path geornetry, topo'ogv, anid others can be used to

describe and analyze the network patternq. Density of routes is also a

structural concept, aad It includes such facets as connectivity of the

system, flow capacity, centrality, flow efficiency, and accessibility.

Models of not-work chatice examtnen the affect O! "Short circulting" the sys-

ter' by lin," removJ!, gi•oý:th in acce:;.,ibit.ty, or in effc.-t, ch'1ge In any

one of the forcgotn,- prop-orties of the nrat.or'.
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"F Nodes are central places, or focii of human settlement and the

tunderlying principle to justify this view is that human activity of

all types tends to agglomerate in a few favortd locations. Morphology

[of settlement patterns, population clusters ani the size continuum,

and size and spacing of clusters are particular concerns in this group.

FSettlements are man-made objects that reflect the culture and technolog-

ical levels of their inhabitants, past, present, and even their attitudes

towards the future. Physical manifestations of many cultural elements

I are revealed in the morphology of settlements. Size of settlements vary

from a few habitations to huge metropolises. Size affects functions,

. living conditions, variety of goods and services available in a settlement,

U" to name only a few factors. The size and spacing of settlements are re-

lated topics which include the functional idea of areas served by central

1- places, and the interrelated dependence between node and area served.

Bierarchal ordering of human activities is a consequence of the need

I. for people to contact one another, the frictions of the space component

*of their environment, the specialization of occupations and trading of

surpluses, the economies gained through cooperative efforts, and the

variety of settlement advantages in different locations. Haggett sees the

following as major sub-topics: functional hierarchies of settlements,

I- specialized centers in the hierarchy, distortion of patterns Jue to agglo'--

"eration, and the distortion of patterns due to uneven resource location.

There is a close relationship be.::een settlement cluster size aad the

"I variety and scale of function-, the settlement Llu~ter perror,-s for its

hinterland. Thiq problem concernq the seii'vl idea arom]i 0hich mur-h

geographic work is concentrated, the hu•,, organtratiao, or qpacee. Sreci.'li'-c.,

L
1.
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"I functions often result from initial comparative advantage and, again

initially, seem to distort the regularity of settlement type patterns.

As the settlement system evolves, howe.ver, the specialized function

eemight remain, but the overall settlement forces create a "leveling-out"

effect which incorporates the specialized function advantage into a

larger system of settlement advantages. Some types of human activity,

especially with modern transportation and communications, thrives on the

close areal association (agglomeration) of large numbers of people. This

J Iobservation is based on economies of scale, and the agglomeration will

proceed until diseconomies of scale work to disperse settlement agglom-

eration. Resource localization distorts a regular settlement pattern be-

cause this uneven distribution of resources in quantity or quality permits

various savings in transportation expenses around the functional system.

SI In treating of surfaces, Haggett invokes more abstraction into his

analysis and states that the previous topics concerned the skeletons of

the regional systems, but that many understandings come from the general-

Sizations of nodes, networks, hierarchies, and movement into density sur-

face functions. Surface configuration and gradient, .inimun movement,

and distortions of regular gradients are major sub-headings in the study

of surfaces. Throughout regional systei;-s, there are variei's types of in-

fluence exerting force- whose intens-ity varies from place to place. These

forces might vary from "inco:7 attraction" to "political inLivldation and

regimcnutation." Conceptually, any factor such as this can be consi~crced

a contliuous variable, only -. yiug In Inten.;ity fror, place to place; bence

the surfrc,, inalogy. Cr-" icnt and s!")ia of this "socl.] s;urf'.ce" can bc

c>xn,'$L' to d,.t ri •in the naiturt! of vri•i't on, r~tir, of cru.g•,s in intct'Ity,
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and so forth. Movement in relation to surfaces has the same implica-

I tions about cost savings as in other types of analysis. Distortion

j of surfaces likewise can bo studied to find which "other things are not

equal" in a system that envisions a smoothly undulating surface where

I "all other things are equal."

Haggett's system described above is a convenient summary of many of

the new lines of geographic inq.uiry in human geography. It provides

some fundamental ideas for geographers to use in devising operational

models for solving specific problems. While this is a notable contribution,

the dynamics of the models, the theory of which gives essential meaning *to

this outline of models remains to be articulated. As a guidepost to aid

I researchers towards promising lines of inquiry, the system is a valuable

[ tool. It is not a comprehensive categorization for modern geographic

methodology.

S[Mary of the new techniques described above will yield a rich harvest

for the accumulation of geographic knowxledge; some will prove to be dead

ends. More detailed study and attempts at applications of these new

techniques will separate the useful from non-useful. The concluding

chapter of this report will suggest some of the avenues thit appear to be

I• especially promising Lo this author.

1"

I!
I.
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[ rMOST PROMISING NEW TECHNIQUES

From the preceeding sections of this report, it is plain to see

that geographers have made a massive and rapid breakaway from purelySdescriptive work to a methodological status in which there is a multi-

tude of explanatory techniques that promise fresh and productive per-

I spectives on many geographic problems. Based on these new techniques,

which are often adopted from other scientific disciplines, many hypo-

theses about spatial behavior have been advanced and many more will be

S[ formulated at an increasing rate. The great frustration of the immediate

new generation of geographers is and will be a lack of adequate data for

I empirical verification of their hypotheses and models. If geography is

to remain an important discipline for practical problem solving, it must

make this step with the new tools of research. This chapter will sug-

S[ gest which of the previously discussed techniques seem to offer immediate

practical applications, which offer practical applications but require

longer-term development, and finally which techniques deserve intensive

stu.dy to make them available for practical work as soon as possible.

CURRENTLY FEASIBLE TECHNIQUES

Techniques of statistical description and statistical inference can

"L be used at the present time tco elicit nore information from collections

of data. One of the prine requisites to impler~nt taese utilizations

effectively is to set up a system of adequate and abundant data for future

analysis. "The whole field of data storage, data retrfev0l, data analysis,

and data display is cý:pending rk,,idly and we rtiay expect thit geograp.hy, as

a special type of reio.n.l data stor'1a s' t eri, will renp conritlra,•Me

1.
I :
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SI benefits from this field of electronic technology." 1 Adequate and

reliable data are the sine qua non of statistical analysis. The term

GIGO in computer jargon means "garbage in, garbage out," which translates

J1 as "the conclusions of statistical analysis are only as good as the data

is that is subjected to the statistical analysis." Another important

aspect of data concerns the meaningful definition and quantification of

* variables. It must always be remembered that statistical and mathematical

methods are nothing more than systems of logic - meaning is put into the

analysis by the definitions of variables, the interpretations of results,

and the soundne3s of the theory upon which the previous two are based.

Arthur Ross states the case in this way: "But suppose you administer an

intelligence test to a group of children. The test is one thing, a mech-

anical instrunent; intelligence is something else altogether, an abstraction

devised by psychologists. Mhile the scores of a test can be calculated,

that which is measured remains an abstraction.

Given adequate data and sound theory, all of the various parameter

estimating techniques and descriptive - explanatory techniques can be

utilized to make geogra)'iic inquiry v•ore p:!rtlne"- and more scientifically

valid. Mean, mode, rec'ian, variance, standard deviation, tests for statis--

tical distribution invQc;ti-atloa, sa-ping, and rany other dta ceasures can

aid geographers mnt only in the statWstcal dcscrilptIon of their data but

also in its spatial description. The statistical p ar.r2ters cen often be

directly tra-'slated InLo :nci c~tt orteý ad su-jccttv• to c.irtogri-:'1c

Chorley aad 1;a.. ý,- L p. 32.

2Ross, Art:iur, "Ine Dt C:,!..," pp. 63-5'.

1'
- -.--
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sL analysis. Thus the "new approach" of statistical techniques use is

[ combined with the "older approach" of map analysis to form more power-

ful tools of geographic analysis that yield more incisive insights into

old and new problems. If more rigorous data standards are met, the

statistical analysis of ssapled data help geographers to maký inferences

about larger, still unobserved, systems they wish to study.

SThe idea of map transformation is particularly attractive for im-

mediate exploitation. Even some of tI.e simplest Euclidean Transformations

: !described earlier in the report (such as rotation anC reflection) can

[ lead us to new insights in geographic d-'a. M!ore complex transformations

can fuindamentally alter our Euclidean distance concept of relati a a-d

absolute location and again point the way to more profound understandings

of the cultural environment that exists, as well as the relatively more

F stable physical environment. Some of these latter developments must,

however, await the valid reinterpretation of human relationships through

sound theorizing.

Linear Regression analysis and various multivariate statistical tech-

niques can-and should be usee more often in geographic reseorch. The major

contribution of these and most of the other new tehiniques is their syste--

"matic, bias controlled, and rigorous analysis of data and their standardized,

understaridable presentation of results. Factor analysis and Principal.

Components analysis airt at valid, parsioon-ious description of large quwntl-

ties of dta. These t:o technr iies are c:pecblly useful %Ahten the rcsearchcr

at the beginning. of a study is couirrontrc1 by a mass cf data ot, a stiljec•t "lhch

I must be sitrveyed to accrtatn the din vdnomtw of the problem At haid. Also,
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I the interrelationships among many variables may be quickly learned and

I non-significant data can be discarded. Factor and Principal Components

analyses thus prepare the data for further evaluation and investigation.

I Regression analysis, either linear cr multiple, is another statistical

technique for comparing sets of data to determine whether or not functional

relationships exist between/among th. variables. A most useful property

I of the analysis is the residuals fro, regression. These data can be

mapped and then analyzed for the di.-covtry of other c:ausative variables

Iwhich have perhaps been unsuspected. All of these techniques are useful

for the testing of geographic hypothieses, a step in scientific geography

that needs much more attention.

J Graph theory, gravity-potential models, linear programming, and path

geometry are a group of related techniques that offer an important

"integrated" approach towards the interpret,.tion of nodal regions. Geo-

graphers have found that there are many aspects of the huw.an organ" zation

of space that are arranged in nodal region form. This is true of actual

I sysLens (such as a road nctwork) vnr of abstract systems (such as a social

com:.unications netvork). The cor.bination of thcse te-1-niquz- will permit

I a structural and functional cxamination of nodal syster-s. Graph analysis

is fairly rigid and sow--.iw',-.at chcuiistic in its dz-,•criptioa. Fover, it

dces help to poUnt ouL such factors Do ccnitra7Uty, coann.ctlvity, and rein-

tive locatloits. Lnca-r pro "grah!r'1-, grvv',ty - spjce potential analyscs,

and path 5cor-tAry 1-,! -ca adtI funct oc•n,• in:,! ri'•ct-'.oa to the structural

I conclusions of Cr•.ph ll,.'ory study. Because nodtc-, ]Ints: of cc-1.vulnicitioa,

I 023 ~Sp;.ttal flo-, a- 11l0 CLV11 cwi %r~ 1 5 r~ It tY, ?,rou,, of Lcl ~c nud be-

LIUSO th1'r.c "re all pri-, - to.ic-s i •it i -,%, t'.ty cl,: .v rc Co -

I
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it tinued efforts to develop the theory which is needed for wider real-

S!,world application of the techniques.

Trend Surface analysis provides a technique for a more profoundU-
[; understanding of all sorts of statistical surfaces in geography. The

prerequisite for successful Trend Surface studies is, of course, an

accurate and meaningful isarithmic map of a physical or human phenomenon.

New concepts about mapping abstract properties with isarithms will fur-

ther expand the types of problems to which Trend Surface analysis may be

S[ addressed. Used with regression analysis, Trend Surface analysis tries to

separate the true process-response factors which create the undulation in

the suzface from the chance occurrence factors which are unimportant in

surface variations. Generalization of the significant causative factor

or factors can therefore produce a shape of the surface that is unlike the

surface that contains "noise" factors. Hence a better understanding of the

system which the surface seeks to describe.

1: POTENTIALLY USEFUL TECHNIQUES WHICH REQUIRE MORE DEVELOPIMENT

Computers and various computer systems are useful for some types of

Vi geographic analysis at the present time, but their use in the future pro-

mises to be both rore profound and more comprehensive as to various stages

of research and to more varieties of geographic problems. Their usefulnes
of course will. in,:rease according to the dcvelopment of new machine capabilities

and to the ad•ptations goographers can make in conceptuL!izing the:ir problemis

if or machine analysis. Now methods of irput Into computers such as the

Rand tanloet will mwai that geographcrs can sketch spatial data and obtaIn

I.
[:

'~ ~-
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instantaneous analyses of the problem as data are added or subtracted.

Computers will aid geographers in the study of dynamic spatial systems

because storage facilities and additional inputs can portray growth or

decline of regional systems. Furthermore, computers hold a great deal

of promise as means to carry out various simulation problems. In a

regional system of a human activity in which change is rapid, perhaps

some type of sensing scanner could feed data directly to the computer

for "real time" analysis. The development of different types of analog

models is another promising use of computers. Electric circuit analogs

or merely the programming of various systems and their characteristics

into the computer can help to solve exceedingly complex problems based on

analog techniques. Iap printing by computers will improve in quality and

in the types of distributions that can be made. This will aid in all

kinds of geographic uses of computers. An obvious use of computers for

geography is that of a spatial data storage bank. Sto-age of data

"in place" can be handled not; by digitizers, but more sophisticated stor-

age facilities will permit more flexible use cf this real-world model

type.

Effective widespread use of Monte Carlo sirtulation techniques must

a:,ajt the devclop:i,.•cL of sounder theory in Tri-rc geographic systens. The

techniquo's ah1lity to p-o:duco a convorgencc towirds an average solution to

excceodii,gy co i4le, plebl:s woo,! be.oa boon fer the scientific study of

cny hurn.ia spe,•t .ca s.st •. ,,'.lv hu::,• interrationhiips are only poorly

kno-. and nl .,-ay ot:heri: aro un'.noe.:L. Tecliiiq,!es to u. soivcl so!,,: of theso

buildii,' U, o"' of t,- "Lot;'1 xz:-P11 ,. 'i'o.": ,r,-lc-1,:ý' twii . probably enjoy.
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the strenuous efforts of many of the good young minds of the coming

generation of geographers. Monte Carlo simulation requires that enough

be known about the particular system under study that the probabilities

of particular events occurring will be known. The remainder of the

technique is conceptually simple to apply.

) - Markov-Chain models also require much more knowledge about spatial

systems before they can be effectively used. In the insistance of the

model that the possibility for a given event depends entirely on the out-

come of an immediately preceeding event, the model seems unrealistic. In

closer inspection, it becomes apparent that the terms of the model specify

some exacting data requirements, thus qualifying the operational character-

- Iistics and rendering them more realistic. The model tries to predict the

ottcome of events based on a set of probabilities that will describe the

outcome of the event in terms of some previous "state of the system," plus

a component of change. The key to success here is accurate description of

the previous state of the system, intimate knowledge about the processes

whereby the system changes, and the effect on the system of various types

of change plus the likelihood of their occurrence. It is fairly obvious

that the "state of the geographic art" is not close to this type of under-

standing on any spatial system. The model will require long-term develop-

ment, but the effort promises to be worthwhile.

TECHNNIQUES ýrl CH ,"--.IT IP:-I)TATE IHRUST

Two groups of ncw techniques secm. to offer the greate;t Imediate re-

wards in pr.ctlcal applicatlois- and thcrcby deserve rapid development efforts.

I_

I
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The two groups are: (1) the Map Transformation - Trend Surface

Analysis group, and (2) the Graph Theory - Cravity Model - Linear

Programming group. While these have been singled out as most promis-

ing, practical-oriented techniques, it should be kept in mind that

"basic" research and the development of longer-range techniques also

deserve research encouragement. Haggett describes a whole new direction -*

in which the quest for improved new techniques for studying geographic

problems can be oriented. He says: "Simon . . . has drawn attention to

two alternative models of individual behaviour, the optimizer and

satisficer models. The optimizer concept has been tacitly introduced

into human geography through the assumption of models like those of

von ThUnen, Weber, Christaller, and LBsch that individuals or groups would

arrange themselves spatially so as to optimize the given set of resources

and demands. Simon has argued, and Wolpert (1964) has demonstrated . .

that the optimizer model is rather unsatisfactory. Optimization requires

information and decision processes at the highest capacity of the individ-

ual or group, and as individuals and as groups there is plentiful evidence

that we simply do not operate nor indeed can we operate (because of time

uncertainties) at that level. Simon would replace this with a satisficer

mcdel which postulates that (i) we rank all the alternative courses of

action of which w:e are a-.,'are olacg a preference scale and (ii) select from

this set the course that will satisfy a set of nceds. Clearly our choice

is often sub-optim•l, since '. . . to opL'L-ize requires proce.A.es several

orders of magtitult! more comr"lex than those required to satl.sice.'" 1

U.ga.IetL, P., . - :o A,,-s,'! In H " ¢ w,.r.v'', p. 26.
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Haggett continues the argument in favor of satisficer models as better

real-world counterparts, thusly: "This is of course the world which

as individuals we know: a world which is neither wholly rational nor

wholly chaotic, but a probabilistic amalgam of choice, calculation, and

chance."

Thomas Kuhn's view on the progress of scientific endeavors is perti-

nent to the current and future development of geographic methodology. 2

He differentiates between two major processes whereby scientific ideas

are advanced, and he calls these procedures "paradigm" research, and

"1"normal science" research. A paradigm according to Kuhn is a scientific

achievement that reorients scientific procedures in a discipline and spawcns

a set of coherent traditions of research behavior. To qualify as a paradigm,

the achievement must be such that (1) it is so unprecedented that it

attracts an enduring group of adherents away from some previous orienta-

tion of scier.tific activity, and (2) it is sufficiently open-ended to

leave all sorts of significant problems left open to solve for its practi-

"I tioners. In regard to normal science, Kuhn says: "Instead, normal-scientific

Stresearch is dii wl to the articulation of those phenomena and theories

*that the paradigmn already supplies."3

I There is little question that geographic scholarship has indeed takcn

a substantial reorientaLion in the past two decades. Whether or not the nh-z

I Hagett, P., L~ij. p. 27

2 Kuhn, rhomas, The Structire of Scienttfic Revolutions.

Kuhn, Th:s, Ibid., p. 24.

I
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scientific-quantitative approach can be called geography's paradigm

is debatable, and not particularly important, because it is the re-

"suits of scientific research which is .he important measure of the

progress of geography. For the moment assuming that the new geographic

approach is a paradigm, it is interesting to note what Kuhn envisions

to be the tasks for "filling-in" the new horizons that paradigms open

up. He sees three focii for factual scientific investigations after a

new paradigm has been discovered. The first step is the solution of

problems to determine significant facts (the nature of facts can even

change in a discipline under new paradigm metamorphosis!), to include

factual precision, scope, and reliability. The second focus is empirical

verification of the paradigm's spawned models. The third involves em-

pirical work to articulate paradigm1 theory, the formulation of quanti-

tative "laws." Paradigm or no, it does appear that the status of geo-

graphic research suggests a new expansion of lines of research with many

new questions that need to be answered for the better interpretation of

spatial syste.s.

The Map Trau3fonr.ation and Trend Surface analysis group of models

should be studied intcusively because the concept of fields of influence

as they affect ht'-n activity is profound, far-reaching, and eminently

spatial In oriCntation. In short, it roprc,:icnts a set of problers in hard-

core scientific geograpdhv. Data needs to be gathered, astute observations

neced to be iwade, incisive 'Intuitive h, pot•iese need to be advanced, and

rlgotous empirical vcrificatioo reed,; to be perforr,'d. The smnvi things

call be s-ld about tle Craiph Thiory - Gravity '%c -,, I tne-r Proir. in•

group. Are Wp? ,' . u ?-NC -•:,t cr ->1vat. -. riat,? Ca' ",e achieve

V _
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acceptable definitions of variables? Can we develop realistic theory?

! [! Do the proposed models actually help us to understand and if necessary

I modify the real world system to which they apply? These and other

questions need to be examined. The work ahead is laborious and many

obstacles need to be overcome. But, if new geography is to have some

significance for solving practical problems, the burden of this work

must be shouldered.

F SOFTWARE AND HARDW4ARE REQUIREMENTS

Any scientific task as large as the one outlined above obviously

F• needs substantial means for its accomplishments. Probably the first need

is for more highly trained scientist-geographers to lead the way in un-

raveling some of the knotty conceptua!l problems. Once this has been ac-

complished, the scientists should be able to zo.rmunicate their findings to

intelligent, educated laymen for the use of the techniques. Workers in

1. any practical application of science need some training in the conceptual

"basis of the discipline from which the scientific ideas issue forth.

Proper itterpretation of maps in co-mr'on use today neeJ a "feel" for the nature

j of geography and geographic reality; this obligation x,7111 remain, r-cn though

geographic training today requires more rigorous th.n•ing. We still need a

[ volume entitled "Principles of Spatial Analysis," focusing on concepts that

are not obscured to mrany people by ex:ccasive rt thcmaLical Jargon, to includV

symbolism. All the techniques di-scl s,:td in this report are either presrrntly

Samenable to machite analysis, or certainly are potcutially suited to Lhis

work savin -gr ce. Many geogop p'ers shov ld pcrh;~pr d, .vute their eff•r'ts to

. the tra,'i l tion , of models that nLtcret t hii.,r lito mnrchfne c -ap. -bIle fo r-nt.I-

I:
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ANNOTATED BIBLIOGRAPHY

Abrams, R. R., "Residential Propinquity as a Factor in M4arriage Selection,
SI*American Sociological Review, Vol. 8, 1943, pp. 288-294.

This article discusses the sociological general marital
pa.t-rn. It states that the trend has been to more marriages
between people of close residence than in previous times.

Ackerman, Edward A., Geography as a Fundamental Research Discipline,
Chicago, The University of Chicago Department of Geography

- Research Paper, No. 53, June 1958.
This is a theoretical and methodological discussion of

modern geography's most important frontier, fundamental research.
It is the base upon which the analysis and synthesis of earth-
space content is the final step toward comprehending geographical
reality.

Ackerman, Edward A., "Where is a Research Frontier?" Annals of AAGL
Vol. 53, No. 4, December 1963, pp. 429-440.

Presidential address to PAG speaks for a reorientation of
the discipline to a "spatial systems approach."

Anderson, Theodore R., "Intermetropolitan Migration: A Comparison of the
I:>1otheses of Zipf and Stouffer," American Sociolo,'ical Review,
Vol. 20, 1955, pp. 287-291.

This is a methodological, sociological article which tests
Zipf's and Stouffer's hypotheses on intervening opportunities and
which presents an alternative, alt'huugh similar, general, hypothetical
model.

Anderson, Theodore R., "Intermetropolitan Migration: A Correlation
Analysis," American Journal of Sociolog , Vol. 61, Yarch, 1961,
pp. 459-462.

This is a methodological paper using four independent measures
to explain variation in certain migrations between metropolises
in northeastern and northeentral regions of the U.S. between
1935-40.

Anderson, Theodore R., "Pctential Models and Spatial Distribution of
Population," Papers and Proceedings of the Reional Science
Association, Vol. 2, 1956, pp. 175-18?.

This is a mcthodol.ogical disctsslon of a geograiphical
problem. He states that there is some difficulty in representing
distance in ten:rs of cost because of variability of cost.

The population potential model does not identify forces in the
sense of externally cpcrating phcno.neo as ruch as it atLtmpts to
describe the internal. relatior•ships of the groups of men (societies).

IJ
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Association of American Geographers, Commission on College Geography,
Introductory Geography: Viewpoints and Themes, Commission on
College Geography Publication, No. 5, Washington, D.C., 1967.

Texts of presentations by a group of geographers on intro-
ductory geography courses to an NSF sponsored summer institute.
Discusses the concept approach for introductory geography courses.

Berry, Brian 3. L., "A Method for Deriving Multi-factor Uniform Regions,"
Przeglad Geograficzny, Vol. 33, No. 2, 1961, pp. 263-280.

Describes method of deriving uniform regions of U.S. census
data, using direct factor analysis and distance scaling of
similarities.

Berry, Brian J. L., "Approaches to Regional Analysis: A Synthesis," Annals
of AAG, Vol. 54, No. 1, 1964, pp. 2-11.

Proposes geographic data matrix as means for organizing
regional data and as a synthesis of ideas current in geography.

A [Berry, Brian J. L., "On the Relations of Statistics, Scientific Method,
and the Science of Geography," A Working and Discussion Paper,
Department of Geography, University of Chicago.

This is a practical attempt to clarify statistics' function
in relation to scientific method and geography. In the inductive
stage of scientific maehod (including geography's use of it)
statistics can bc effectively used. Napping ard summarizing can
use statistics as can the process of acquiring knowledge of
associations and relationships in the observed data.

Berry, Brian J. L. and Marble, Duane, Spatial Analysis: A Reader in
Statistical Gceography, Prentice-Hall, Englewocd Cliffs, 1968.

This is a useful compendium of articles by several "new-school"
geographers. Topics range from approaches to regional analysis to
trend surface analysis. Discussionis of spatial systems analysis and
trend surface analysis are especially helpful in considering new
developments in geography.

Blalock, Jr., H. M. and Blalock, Ann B., "Toward a Clarification of
System Analysis in the Social Sciences, "Phiosop'hy of Science,
Vol. 26, 1959, pp. 84-92.

A basic treatment about the use of the concept of "system"
in studying problems in social science.

Bogue, Donald J. and Harris, Dorothy L., Cponparattve •iou•ultfon an! Urbcn
Researcli Vii ý!u1tip)le Rt7'res!' ½n !n~ Cvr:eA .1 ,Oxford -

Ohio, Scripps Four i , 1954.
Study of urbvn characteristics utilliziu tmultiplo rcgression

and other stntistical cnrlyer.. Cood case study of tcchnlitcs
application.
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Borchert, John R., "Geography and Systems Theory," Problems and Trends
in American Geography edited by Saul B. Cohen, New York, Basic
Books, Inc., 1967, pp. 264-272.

A very general application of syatems analysis to geography is
made here. Systems theory makes it possible to view geographic

problems in terms of the variability of systems instead of the
static view possible without this concept.

Briault, F. W. U. and Hubbard, J. H., An Introduction to Advanced Geograph,
New York, American Elsevier Publishing Company., Inc., 1968.

This is a book concerning the theory, methodology, and 4
techniques of geography.

Bright, Margaret and Thomas, Dorothy S., "Interstate Migration and
Intervening Opportunities," American Sociological Review, Vol. 6
(1941), pp. 773-783.

Stouffer's sociological theory of intervening opportunities
is supported by the example stated here. The pattern of opportunities
were followed closely by interstate migration. It Is suggested
that allowances be made for major disturbances in the pattern due[ Ito quantitative differences and certain directional factors.

Broek, Jan O.M., .Gegra_ _ Its Scope and Spirit, Charles E. Merrill
Books, Inc., Coluribus, Ohio, 1965.F One of social. science seminar series, aimed at explaining
geography to non-geogiaphers.

Buchanan, Norman and Howard Ellis, Aporoaches to Economic Develop .
The Twentieth Century Fund, New York, 1955.

Within the article development and underdevelopment are
defined. The flow of output is said to depend on the factor supply,
factor use, and socio-cultural environment. There is a discussion
of how to solve the problems of underdeveloprnint.

J Bunburg, E. H., A Fistory of Anchne 1o_ aIph, Vol. 1, New York, Dover
Publications, Inc., 1959.

This is an historlcal survey of geography. This volume deals
with the very carliect development i•. the field.

Bunge, Williaznt, "Metbodology." Discussion Paper 2]. Gcograpb% Departricont
Universtty of Washlngton, June 20, 1959.

This JF a thooret'c•l p-ipcr that discustc-s scientific theory
and relna•s gc'ograp10icl Invcntigatiou to it. Geographical rcse-rcli

* should not eVa,,hbsl7e the unitquc,

I
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Bunge, William, Theoretical Geography. Land studies in Geography, Series
•I C, No. 1, General and Matbematical Geography, Lund, 1962, G. W. K.

Gleerup Publishers.
This is Bunge's Ph.D. dissertation. He discusses geography

and its place among the sciences; concludes that "Geography is the
science of locati'ns, regional geography classifies locations and
theoretical geography predicts them." (p. 195) Hle sees two
general topics: movement theory, and central place theory.

Bunge, William, et.al., The Philosoqhylof 2a_ . Michigan Inter-University
Community of Mathematical Geographers Discussion Paper No. 12,

Wane State University, June 1968.
The various papers in this collection are mostly abstract

discussions and add little to the understanding of possible or
probable map uses.

Burton, Ian, "Thp Quantitative Revolution and Theoretical Geography."
The Canadi.. Geo&raphpr, Vol. 7, No. 4, 1963, pp. 151-162.

"Quantitative geography is here to stay; it promises to breed
nore scientific theoretical work.

-- Carroll, J. Douglas, "Spatial Interaction and Lhe Urban-Mletiopolitan

Description." Popers and Proceedinhs of theRogio!a Science
"Association, Vol. 1, 1955, pp. 1-14.

This is a methodological article showing how to describc and
find the magnitude of a city's influence on its surrounding hinter-
land. Quantitative methods are useO.

Carroll, J. Douglas and Bevis, Uoiard W., "Predicting Local Travel in
Urban Regions'." Papers and Proceedin' s of the Re ýona•l Science
Association, Vol. 3, 1957, pp. 183-97.

This is a netho1dologral discussion of n.etropolitan planning
through study of the circulating -;,ystc:;i. Future population and
land use, if known, could gix~e future travel requi':centS and the
utility netvork could 1e designed to rcet those reqv'1ements.

Carrothers, C-rald A.P., "An listoriccl Rovie;: of thi" GraviLy and
Potential Coticepts -,f * l'on Inicracti3 en." Jotu.ýnalof Ai.:rica_
lnsLitlt' of P.?e'mris, 'o] . 22, 1956, pp. 94-102.

This is an h'storlcic eisc-,u:sion of a sociological-
geogral~hic topic. The -ravity an(' potc-:ial concept:: of hunzI
Interaction 1vert .. i ccvl:;icd It, I verin!-. of Nc,:Lcnian piysics
of VlttCr wi tlct~t co".t[e'iu.. t nividu•: ', abiblity to rilke
decision,t ¢oar i;•1. b, u h > ;:t., ¢,,

' .P. , ", :t o- r,,,', :t. by . o::n' ef lvco,..c "ote.ntial
.po t, "u'.. f' tA tcs;5 : Sei..,-.'t k ociatia,

Vol. 1, 9:S ipp- 121--l:,.

Thi. a z thrd,,o I o.kI p. ,r vhchh tIncu.-' potcAlntia
to prcd Lct p(p,1lat I n, n ,t i, - .io . ta thrv.o ,rx i t,', v'cr .-



C Chatterjee, S.P., Fifty Years of Science in India: Progress of Gegrah
.Indian Science Congress Association) Calcutta, 1964.

-z This book traces the work done by Indian geographers, accord-
ing to major segments of the field, for the past 50 years.

Chorley, Richard J., "Geomorphology and General Systems Theory."
"Geological Survey Professional Paper 500-B, U.S. Government
Printing Office, 1962.

This is a theoretical paper on using closed or open systems
in geomorphology and then the advantages of the open system frame-
wirk are specifically discussed.

Chorley, Richard J., "Geography and Analogue Theory." Annals of AAG,
Vol. 54, No. 1, 1964.

This is a methodological paper concerned with model build-
ing in geography. It presents a model for models and also goes
into the vrrious kinds of models: mathematical, experimental, etc.

Chorley, Richard J. and Haggett, P., (eds.), "Scale Components in Geo-
-raphical Problems," Frontiers in Geo raphical Teaching-, Methuen &
Co., Ltd., London, 1965.

The concern of this chapter is the methodological problem
of shiinking reality to make it comprehensible which is what
geography as a macroscopic P 'ence must do.

Chorley, Richard J. and Haggett, Peter, (eds.), "The Application of
quantitative methods to Geomorphologv." F'rontiers in Geo raphical
Teaching, Methuen & Co.Ltd., London, 1965

This is a theoretical chapter on applying quantitative methods
to geomorphology; why it has been so slow in developing within the
fielk and some description of how it can be applied.

Chorley, Richard J. and Haggett, Peter, (eds.), Models in Geojrakh y.
M! Nethuen and Company, Ltd., Lond-n, 1967.

this is a collection of articles bý various geographers that
focus on new techniques of research. Discussions of game theory,

4Markov chain models, and simulation through monte-carlo me-thods
are i'luminating. The chapters are useful for suggesting necded
research lir es.

Christaller, Valter, Central PlcCs in Southern Gernany. Translnted by
Carlisle '.. BrLskin, Englewood Cliffs: Pretice-l1all, 1966.

Classical work on the development of node-hinterland
relationships. M-ny original concepts on central plrce systems
which are today being ar~lcilatd.

:1

F
4



! -115-

Cole, John P. and King, C.A.M., Quantitative Geography: Techniques and
Theories in Ceography, John Willey and sons, Ltd., London, 1968.

Introduces mathematical analysis ilL geography on basic level.
Good compendium and reference work for beginner in quantitative
geography.

Coimmittee on Geography, Advisory to the Office of Naval Research Division
of Earth Sciences. Report of a conference on the Use of Orbiting
Spacecraft in Geographic Research, Washington, D.C., National
Academy of Sciences National Research Council, 1966.

This is a report of the committee of what is being done with
orbiting spacecraft in geographic research with such tools as

Daiside-looking radar.

Davie, M.R. and Reeves, R.J., "Propinquity of Residence Before Marriage."
American Journal of SocioloZX_ Vol. 44, 1939, pp. 510-517.

This sociological discussion of marriage patterns in relation
to distance between contracting partners suggests that part of
the explanation for the close relationship between proximity and
marriage may be due to 'natural' groupings of the same types of
people and that like tend to marry like.

Davis, W.M., "An Inductive Study of the Content of Geography."
Leograp3ica1lEssys, New York, Dover Publications, 1909, pp. 3-22.

The content of the subject of geography is discussed. It is
important when determining whether a statement is gebgraphical or
not to know how far it constitutes or enters into causal relations.
A geographical quality is gained when organic and inorganic elements
are related in a cause and effect situation.

"Dodd, Stunrt C., "The Interactance Hypotheses: A Gravity Model Fitting
Physical Messcs and 11uan Groups," Americar Sociological Review,
Vol.'15, 1950, pp. 245-256.

This is a theoretical and metlhodolofical article relating
dimension of physical quantities to social ones. Stouffer's
intervening opportunities is a related indei:. Probability
conditions are the bnse of the gravity models so larger masses
are more reliably predicted.

Dodd, Stuart C., "D'ifusinu Is Prodict-,ble: Testing Probability Models
for laws of Interaction," Ai..ý?ric;t Sociroig .ical Revl.cw, Vol. 20,
1955, pp. 392-401.

This is a sociological., :cthedo~og.cel paper which lorgely
accotnLs for vari:ous types of interaction. Diffusi.on wancd with
distance.

Dohis, Fred 1". indi So•ioi,,rs, ],wjvna e N. (!td:.) .I-QJ.'iut. toCeog l.ll:
S•l ccted Rea'( r,- . Nu', .ork, Tl,,'. Y. Cr'o l c,] 3 • :puy , 1967.

Th1s Is a good coloct•toi, of aritelc.c on gcc'irephdcil topics
inclulin,,; Cr.ri Sauor',s artic:.ý: ua the l 'irphtiogýy of lkd.ýCapcy .
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Duncan, Otis D., et.al., Metropolis and Region. Baltimore, Johns Hopkins
University Press, 1960.

This book deals with theory and method In dealing with the
metropolis and region. Population potential is not emphasized inthe physical science sense but as a convenient indicator of
generalized accessibility.

Duncan, Otis D., et.al., Statistical Geography: Problems in Analyzing
Areal Data. The Free Press, Glencoe, Illinois, 1961.

This is a study by sociologists on their conception of
problems in geography. This is advanced level in jargon,
but basic and often naive in geographical concept.

Dunn, Edgar S. "The Market Potential Concept and the Analysis of
Location," Papers and Proceedin&s of the Regional Science Association,
Vol. 2, 1956. pp. 183-194.

Uses space potential model for analysis of industrial
location.

Earth Sciences Division, National Academy of Sciences, National Research
Council. The Science of Geography. Report of the Ad Hoc Comaittee
on Geography - N.A.S.-N.R.C., Washington, D.C., 1965.

This is a statement by a prominent group of geographers about
the trend in geographic science. It tries to fit old and new lines
of research into a scientific mold. While a greet improvement over
the older statements on the nature of the field, the results of the
study appear to be typical of committee work: too many compromises
to be truly useful.

Fuson, Robert H., A Geograpy ofGeo•: and Development of

the Discipiine. William C. Browni Company Publishers, Dubuque, Iowa,;": 1969.
History of geographic knowledge from dawn of civilization to

present. Lacks philosophy of geography today. Describes use of*1 maps by Alexander the Great and Roman and Aztec armies.

Garrison, W.L., "Applicability of Statistical Inference to Geograpr'icalI Research." Geographical Review, Vol. 46, 195, pp. 427-429,
Suggest lines of geographic inquiry amenable to quantiitative

* r analysis.

Garrison, Wi]la.izum L., "Parameters of Spatial Interaclon." Pajqrs and

Procecding:s of the R.egional Science AA-voctaLtoa, Vol. 2, 1956,* pp. 260-?98,
This is a thooretical, methodological paper Lhat basically

states thbt JnLerau-Lion concepts are .•;snti 1;0ly probt"bj .-Ity
. oncep ts.

1.
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Garrison,-William L., "The Spatial Impact of Transport Media." Papers

and Proceedings of the Regional ScienceAssociation, Vol. 2, 1956,
pp. 280-288.

This is a theoretical article concerned with the interrelations

between the concepts of location and interaction.

Garrison, William L., ed., Quantitative Geography. Department of Geographical

Research, Northwestern University, Vols. 1 and 2, 1965.
Surveys of new approach to human and physical geography

Golledge, R. and Amedeo D., "On Laws in Geography." Annalsof AAG, Vol. 58,

No. 4, December 1968, pp. 760-774.
Relationships between geographic facts can be discovered by

"Laws;" cross-section, equilibrium, historical, developmental and

statistical.

Gregory, S., Statistical Methods and the Geographer. London: Longmans,

ii Green and Company, Ltd., second edition, 1968.
This is a methodological book for geographers presenting the

statistical methods useful to the discipline. J

Hggerstrand, Torsten, The Pro_2aatn oInnovaton Waves. Lund Studies

in Geography-Series B, Human Geography No. 4, Royal University of

Lund, 1952.
A method for studying the spatial diffusion of ideas.

Hggerstrand, Torsten, Innovation Diffusion As A Spatial Process,

Translated by Allan Pred, University of Chicago Press,

Chicago: 1967.
Discusses model of spatial dlffusion.as a geographic event.

Haggett, Peter and Chorley, Richard J., and.Stoddart, D.R. "Scale Standards

in Geographical Research: A New Measure of Areal Magnitude."

Nature, Vol. 205, February 27, 1965.
This is a methodological paper describing some problems of scale

standardization in geography. A proposal for standard geographical
measurement is made.

Haggett, Peter, Locational Analysis In Human Ge!oj•hap , St. Martin's

Press, New York, 1966.
Basic description of models now ocing used in locational.

analysis.

Haggctt, Peter, "Trend-Surface Mapping in the Intcrregionnl Comparison

of Intra-Re-l{oazl Srurtt~rc!S-." Re: neA qj r
PapcrF, Vol. 20, 196S, pp. 19-2E

Dlscuýsc, trco--surfaice analyolo rsu o "Logical extension of

regression anzilyv1s into two dininstos."



1I -118-

Hammer, Carl and Ikle, F.C., "Intercity Telephone and Airline Traffic
Related to Distance and the 'Propensity to Interact, CSo .!a'
Vol. 20, 1957, pp. 306-16,

This is a methodological discussion of a topic dealing
with interaction and distance. "The mechanism by which spatial
distance is related to the frequency of.,human interactions is
very involved and cannot be explained by some simple sociologic or
economic interpretation."

Harary, Frank and Norman, Robert Z., Graph Theory as a Model in Social
Science, University of Michigan Institute for Social Research,
Ann Arbor, 1953.

Terminology and basic concepts for utilizing graph analysis
in social science.

Harris, Chauncy D., "The Market as a Factor in the Localization of
Industry in the United States." Annals of AAG, Vol. 44, 1954,
pp. 315-48.

This is a methodological, geographical article discussing
'market potential' as a meaningful index and how it can be

used as an indication for an area of the intensity of possible
contact with markets.

Hartshorne, Richard, The Nature ofGeojrKaphjh. Association of American
Geographers, 1940, Reprinted 1949.

This is a "classical" statement by an old-time geographer
on the nature of the field. it is full of conceptual error such as:
geography today shoold be defined in terms of what geographers
of A century ago thought. This is basically wronp because he
gives no consideration about the evolution of science. W'hat
was profound science to 19th century German geographers can be
naive work to modern scholars because we have more powerful
analytical tools today, hardware and software.

if Hartshorne, Richard, "The Concept of Geography as a Science o. Space
from Kant and Humboldt to Hettner," Annals of MG, Vol. 48,
Jine 1958, No. 2, pp. 97-108.

SThis papea 'ri ri;s the history of the concept of geography
as a chorological scienc, rath-r th n a systeaatic or historical
science. In the conclusion four di:Ifereaces betwcen geography and
other sciences are noted.

Hartshorne, Richard, PcrpecLive on the Nature ofCcoRaraýPhy * Rand McNally
and Compaty , Chicago, 1959.

j" ThIs Is a clearer, soc'i:mhot updated statce:ient on earlier
work. lie sees a role for ucw methods in geography, but pvr.Ists,
in stating the eln.)st nojdnghss and iupcsE--tbla tas4l: for geog'aphy
is to study phenoaietia In tc.r•s of the "areal variation of
integrated phaomcina."

I

1
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Harvey, D.W., "Theoretical Concepts and the Analysis of Agriculturali Land Use Patterns in Geography." Annals of AAG, Vol. 56, 1966,
361-374.

Surveys literature and concludes that dynamic models, especially
those based on stochastic processes, can be useful in agricultural
"geography.

Hollingdale, S.1I. and Tootill, G.C., Electronic Computers, Penguin Books,
Baltimore, Maryland, 1967.

This is a book that describes the history and present use of
computing machines, and future possibilities.

Isard, Walter and Bramhall, David F., "Regional Employment and Population
Forecasts Via Relative Income Potential Models." Papers and
Proceedings of the Regional Science Association, Vol. 5, 1959,
pp. 25-47.

This is a methodological paper that tries to put dynamic
analysis in place of usual static by taking job opportunities and
"relimate to predict net in migration to specific regions.

Isard, Walter, et.al., Methods of Reqginal ilisis: An Introduction
o, to Regional Science. Cambridge, Massachisetts Institute of

Technology Press, 1960.
71This is a methodological book for regional science. Gravity,

potential, and spatial interaction models and the forces involved are
discussed at length as are other techaiques.

Isbell, Eleanore Collins, "Internal Migration in Sweden and Intervening
Opportunities," American Sociolo2gical Review, 1944, pp. 627-39.

The theory of intervening opportunities seems to be verified
with Swedish data in spite of circle measurements and doubtful
suitability uf data used as criteria for opportunities.

Jacobsen, Niels K. and Jensen, Ruth It., (eds.), Collected Papers: Denmark
21st International Geographical Congress Copenhagen University
Geography Institue, 1968.

Papers varying from topics on glacier ice in Greenland
to "kitchen middens" in Ghana. These mostly are case studies,
using well-developed techniques.

James, P.E., "On the OrJgin and Persistence of Error in Geography." Annals
of MAG, Vol. 57, K1(7, pp. 1-24.

Distitiguihc. bct;:,en avoidt:ble error and error in inadequate
hypotheses. ForLer shoas poor scholarship, latter is honest
mistake and can help progre,,m of science.
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J James, Preston E., "Toward a Further Understanding of the Regional
Concept," Annals of AAG, Vol. 42, 1952, pp. 1)5-222.

The theory and the method of study of the regional concept
as the core of geography are discussed. The processes that form
characteristic patterns for particular places on earth must be
studied as dynamic features and the relations of regional systems

r •sto the underlying processes must be made as well as mapping regional

systems.

t• James, Preston E., "Introduction to the Field of Geography," American
E Geography Inventory and Prospect, Preston James and Clarence F.

Jones, (eds.), Syracuse University Press$ 1954, pp. 2-18.
This is a general paper describing modern geographic

methodology. Today geography applies specific process information
from the systematic sciences to its field. Two basic conclusions
on geographic method: 1) regions with too many different processes
involved make correct interpretation difficult, 2) the method
cannot be solely contemporary.

James, Preston E., "Continuity and Change in American Geographic Thought,"

Problems and Trends in American Geo raphy. Saul B. Cohen, (ed.),
New York, Basic Books Inc., 1967, pp. 3-14.

r• This is an historical overview of the changes in the American
geographical approach. The shifts from the early regional
approach to the present two-way method of regional and systematic
approach with the modern mathematical techniques involved aref• discussed.

James, Preston E., Geogra4pý h. Encyclopedia Britannica, Inc., William
Benton, Publisher, Chicago, 1969.

I. Study of historical development of geography from ancients
to modern practioners.

Kalesnik, S.V., "General Geographic Regularities of the Earth." Annals
of AAG, Vol. 54, 1964, pp. 160-164.

Says the six most universal geographic regularities in
physical processes are: 1. wholeness; 2. circulation systems for
materials and energy; 3. rhythmic phenomena; 4. zonation;
5. azonal phenomena; 6. continuity of evolution engendered byF" exogenic-endogenic process struggle.

Kao, Richard C., "The Use of Computers in the Processing and Analysis off'. Geographic Information," Geogrphical Revtv:, Vol. 53, 1963, pp. 530-
547.

An analysis of possible use of new hardware for spatial
data manipu]ation.

Kewneny, John G., and Snell, .1. Laurie, Mathbe:-itical Models in th. Social
ScIences, New York, Baisdell, 1962.

This is a theoretical book descrihirn mathematical ,I¢ls
used in the social scitIlccs.
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Kimble, George H.T., Geography in the Middle Ages. Methuen and Company,
Ltd., London, 1938.

This book states that geography came to stand for the bits
and pieces of knowledge unaccommodated by the seven liberal arts
of the Middle Ages. Aristotle believed that geography ought to
be regarded as "a branch of applied mathematics, like geometry orJ astronomy; Plato felt it should be a branch of physics.

King, Leslie J., Statistical Analysis in Geography. Prentice-Hall, Inc.,
Englewood Cliffs, New Jersey, 1969.

An introduction to statistical geography on first year
graduate level.

J Kuhn, Thomas S., The Structure of Scientific Revolutions, The University
of Chicago Press, Chicago, 1962.

This book traces the development of ideas and knowledge through
scientific endeavors. It states that "normal science" is the
common work that comprises most scientific endeavors to fill in
the areas outlined by the theoretical "paradigms" or truly
revolutionary ideas in science.

Lazarsfeld, P.F., Mathematical Thinking in the Social Sciences. Glencoe
Illinois, Free Press, 1954.

In the introduction to this article it states that the
trend in social research today is toward singling out the basic
variables from which all specific concepts and interrelationships{J can be derived. This is different from earlier times.

Lazarfeld, P.F. and Resenberg, Norris, (eds.), The Language of Social
Research. Glencoe, Illinois, Free Press, 1955.

Kinglsey Davis' article in this series is a detailed study
of research steps. The frame of reference, deductive propositions,

p |empirical propositions, and empirical generalizations are dis-
cussed in their content and functions.

Leopold, Luna B. and Langbein, Walter B., "The Concept of Entropy in
Landscape Evolution." Geolo-ical Survey Professional Paper 500-A.
U.S. Governnent Printing Office, 1962.

This is a methodological paper which introduces the principle
that "the most Probable condition exists when energy in a river
system is as uniformly distributed as may be permitted by physical
constraints. From these general considerations eauations for the

longitudinal profiles of rivers are derived that are mathematically

comparable to those obrerred in the field.

SL:sch, August, Th 'iconoiics of Location. New Haven, Yale University
Press, 1954.

A classical book on the fundaLiental economic concepts
involved In 1ocational analysis.



-122-

Lukerman, F., "The:Concept of Location in Classical Geography." Annals
df AAG, Vol. 51, June 1961, pp.194-210.

Says ancients were interested in location as description of
place - "The analysis of process, cultural and natural, was the
objective of description, and genesis was its mode of classification."

ril Does not truly demonstrate this.

Lukerman, F. and Porter, P.W., "Gravity and Potential Models in Economic
Geography," Annals of the Association of American Geographers, Vol.
50, 1960, pp. 493-504.

This is a mn2thodological paper which consists of criticisms
of gravity model assumptions. Potential models predict tendencies
toward spatial equilibrium and only in this sense are they
deterministic.

17McConnell, Harold, "Spatial Variability of College Enrollment as a
Function of Migration Potential," The Professional Geographer,
Vol. 17, November 1965, pp. 29-37.

Studies college enrollment in Ohio by use of gravity model.
He finds good correrpondence between the model and reality.

McCullagh, M.J , Mather, P.M. and Cole, J.P., "Geography and Computers."
Mini-Bulletin: Ideas in Geography, No. 24, May 1969, Department
of Geography, Nottingham University.

Sr Brief introduction into capabilities of computers as aids in
I. geographic research.

McDaniel, Robert and Hurst, Michael, A Systems Analytic Approach to
Economic Geography, Association of American Geographers, No. 8,
Washington, D.C., 1968.

Useful for bringing together many new ideas in economicj geography into one source.

Marble, Duane F., Some Computer Programs for GeogrEahic Research.
Department of Geography, North-7estern University, Special
Puvlication, No. 1, August 1967.

Gives purpose, and description of each program, as well as the
"format of input into the computer.

Morone,, M.J., Pacts from Fi&ures. Baltimore, Penguin Books, 1951.
A short paperback "ook cn the meaning that can be derived from

the use of specific statistical techniques; shows how to use the
techniques.

Iforril, Richard C., "The Devclopment of Spatial Distributions of Towas
. in Sweden: An Hlistorical Predictive Approach." Annals of CG,

Vol. 53, 1963, pp. 1-14.
Within the article the distinctions between industrial !ccation

theory and central place theory are discussed.

1"1.
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Morril, R.I., "Quantitative Methods in Geography." Unpublished discussion

paper, University of Washington, Department of Geography.
This is a theoretical paper discussing scientific approach

in geography. The ideographic and nomothetic approaches are
discussed and the qualifications of scientific endeavor are

listed.

Morse, Stephen P., "A Mathematical Model for the Analysis of Contour-
Line Data." Journal of the Association for CoMputing Machinery, v
Vol. 15, No. 2, April 1968, pp. 205-220.

Lays foundation for development of algorithms that will
facilitate the digital computer solution of problems involving

contour line data.4

Murphey, Rhoads, The Scope ofGeography, Rand McNally and Comapny,
Chicago, 1966.

First eleven chapters of "An Introduction to Geography."Fails to clearly define geography or geographic task.

Myrdal, Gunnar, Asian Drama: An Inquiry into the Poverty of Nations,
New York, 1968, Pantheon, Three volumes, A Tqentieth Century
Fund Study.

Detailed examination of political problems, economic
realities, problems of health, education, literacy, population
size planning, labor utilization.

Olsson, Gunnar, Distance and Human Interaction: A Review and Bibliography.
Bibliography Series Number Two. Philadelphia, Fegional Science
Research Institute, 1965.

This work concerns a general theme in geography: movement over
space.

Olsson, Gunnar, Review of: Spatial Analysis: A Reader in StatisticalI Geo•rap1ijX by Brian J.L. Berry and Duane F. Mrble,(eds.), Prentice
Hall, Inc., Englewood Cliffs, 1963. Journal of Regional Science,
Vol. 8, No. 2, Winter 1968, pp. 253-255.

4•t He praises the work as a useful compendium of already
published works but states that "applied geometry" approach to

v geography is the bias c,f "The Washington Croup."

Prod, Allan, "Toward a Typology of Nantufacturing Flows," Geegrahiical
RevLiý,v, Vol. 54, 1964, pp. 65-84.

Discusso's categories of industries according to the pre-
dominant length of haul of the differing industries.

"Prod, Alliu, "The Cincentration of High-Value-Added Naotifacturing,"
Economic Geogrlray, Vol. 4], 1965, pp. 108-132,

Shows that high value-adde.d indostrie. are still. located
in the Amerlcau maiufacturiing belt.

.1
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Redo, Sandor,(ed.), Hungarian Cartographical Studies, Contributions to
21st International GeogrAphical Congress, Budapest, 1968.

Seven studies by Hungarian geographers that describe various
problems in cartography. Topics vary from an equal area world pro-

EIN jection to the use of radar maps in river navigation.

Ravenstein, E.G., "The Laws of Migration," Journal of the Royal Statistical
Socet, Vol. 48, 1885, pp. 167-227.

Seeks regularity for migrations of people within England,
Scotland, and Ireland.

C Reilly, W.J., "Methods for the Study of Retail Relationships," University
of Texas Bulletin, No. 2944, November 1929.

Uses the gravity model to derive retail trade regions.

Reynolds, R.B., "Statistical Xethods of Geographical Research, "Geographical
Review, Vol. 46, 1956, pp. 129-132.

This is an article discussing and listing what, by 1956,
had been published on statistical methods in geographic research.

Robinson, A.H.,"The Necessity of Weighting Values in Correlation
A•nalysis of Areal Data," Annals of AAG, Vol. 46, 1956, pp. 233-236.

Discusses the "distribution problem" for area data.

Robinson, Geoffrey and Fairbairn, Kenneth J., "An Application of Trend-
Surface Mapping to the Distribution of Residuals from a Regression"
Annals of AAG, Vol. 59, March 1969, pp. 158-170.

If Compares population size in cities with number of services
available - maps residuals - seeks Regional vs. local effects with
trend surface mapping, Liner 1, Quadratic 2 + 1, Cubic 3 + 2 + 1.
Shows some regional effects.

Ross, Arthur N., "The Data Game," The Waship ton Monthly, Vol. 1,
No. 1, February 1969, pp. 62-71.

( This article cautions readers about the fbndamental errors
that can be caused by the uncritical use oI data. Oversimplification
of real-world problems and the drive for "hard data" to supportfi •policy decisions are the underlying causes of erroneous conclusions.

SRussell, Bertrand, Th_ Impact of Science on Societ, Columbia University
Press, 1951.

Within this article the mechanistic outlook is described.

Sauer, Carl 0., A.ricujturalOrjin: and Dispersals, American Ceo-

,,. graphical Society, Ne' York, 1952.
A preliminary work In dcvelopm~ent of the idea of diffusion

over space.

• , .... . . ..... .. .. ... ... . . . . ..... . . . .
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Schaefer, Fred K., "Exceptionalism in Geography: A Methodological Exam-
ination," Annals of AAG, Vol. 43, 1953, pp. 226-249.

Th,_ concept, exceptionalism, that geography covers all
phenomena in terms of space while history covers all in terms
of time is here refuted. Although geography's core is regional,
there must be a nomothetic approach in the field or it will
stagnate as merely de3criptive.

Schneider, Morton, "Gravity Models and Trip Distribution Theory,"
Papers and Pro :eedings of the Regional Science Association, Vol. 5,
1959, pp. 51-56.

This is a theoretical (and methodological) criticism of the
complete vall[ity of the gravity models. He states that the
gravity model. is not and does not try to be ei-:lanatory and thisSis its failure.

Scientific American, Information, W.H. Freeman and Company, San Francisco
and London, 1966.

This reprint of an issue of the Scientific American discussesS~the evolution of computer capabilities as informatio'n systems. Itdiscusses input-output innovations, time sharing and potentialities
of computers forcvarious jobs. i

Selltiz, Claire, et.al., Research Methods in Social Relations, Holt,
Rinehart and Winston, New York, Revised 1966.

This is a treatment about tht. scientific method in research.
It is a "how to" study to teach students the scientific approach
to learning. It is a good surnary statement about s-ich things
as hypotheses, theory, cause-effect relationships, scales of
measurement, analysis, and interpretation.

Smirnov, N., "Table for Estimating the Goodness of Fit of E-mpirical
Distributions", The Annals of Mathematical Statics, Vol. XLX,
"1948.

Discusses technique for testing empirical statistical
dis'rlbutlons against model distributions.

Smith, D.M., 'A Theoretical Framework for Geographic Studies of
Industrial Location," Economic GcojlrEphy, Vol. 42, 1966, pp. 95-113.

Uses "Basic cost" and "Locatio- cost" concepts as a
foundation for a system of transportation ex'lained location.

Stevens, S.S, "On the Thcory of Scales of Measurement," Science.
Vol. 103, No. 2684, June 7, 1946, pp. 677-80.

This is a theorctical disctvsion of the semantic problems
of what is a scale of measuremcnt which was dlscustcd at a
British Assoc.atono for the Advancement of Science Meeting.

Stewart, John Q., "An Inverse Distance Variation for Certain Social
Influenccs," Sliace, Vol. 93, 1941, pp. 63-71.

This is a sociolo,,eal discussion of thl dirctily proportional
relationghip between the distribution of residence and the total
populntion of an area and iuversely proporLional rel.,tionship to the
distance from the center. Under&raduate and alumni of a given
college were snmples. An isopotentlal mip of population was used.
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Stewart, John Q ", "AMeasure of the Influence of a Popultion at a
Distance,"Sociometry, Vol. 5` 1942, pp. 63-71.
siThis is a methodological article on the proportional relation-
ship between representation from each state to four "national"
colleges to each staters white male porllation divided by the
"distance in miles to the campus,

StewartoJohn Q.9 "Empirical Mathematical Rules Concerning the Distribution
and Equilibrium~of Population," Ge69raphica1 Review, Vol 37, 1947,
Spp,, 461-485.

Discusses the parameters of the gravity model in its use
for describing population distribution.

.Stewart, John Q.p "Concerning Social Physics."'Scientific'AmeriCan,
Vol. 177, 1948, pp. 20-23.

This is a theoretical, sociological article discussing the
j quantitative study of society, social physics. Concepts from

A mathematics, economics, and physics are used when appropriate.

Stewart, John Q., "Demographic Gravitation: Evidence and Application,"
SOciometry, Vol. 11, 1948, pp. 31-58.

This is a socio-geographic discussion of the interrelation
between population potential and other social-economic data which
present a picture of the U.S. sociological structure different
.from that of the census bureau in 1948, who apparently did not
see the intricate interaction ot the factors involved.

Stewart, John Q., "The Development of Social Physics,"'American
Journal'of Physics, Vol. 18, 1950, pp. 239-53.

- This is a methodological discussion of the value of inter-

disciplinary work to solve a sociological problem, here in social
physics. Social st-cies in general are referred to as havLg
the nýed for inter-aisciplinary techniques.

|I Stewart, John Q., "Potential of Population and Its Relationship to
SL Marketing," Theory in Marketing, R. Cox and W. Alderson, eds.

Chicago, Richa-id D. Irwin, 1950.
Shows how population space potential can be used as a

market measure for locational problems.

itewart, John Q.. "A Basis for Social Physics," Impact of Science on
Societyt Vol. 3, Summer, 1952, pp. 110-133.'

The sociologicalfield of social physics is here discussed
4. and the form of analysis usinS concepts from other disciplines

are here described (such as social temperature).

L I,

K

I

I
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Stewart, John Q. and Warntz, William, "Macrogeography and Social Sciance,.
GeOgraphical 'Review, Vol. 48,. 1958, p 99'-123.

This is a theoretical article discussing the need for more
abstraction and generally, ba"ti i:heory in .geogzaphy. It emphasizse'
integration in the social science..

Stewart, John Q. and Warntz, W., "Physics of Population Distribution,,"
Journal of Regional Science, Vol. 1, Summer 1958, pp. 99-123.

This report describes on-the-average regularities which have
been proved to exist in the distribution of people within
cities and in rural areas and across countzies as a whole.

"Stouffer, S.A., "Intervening Opportunities: A Theory Relating Mobility
and Distance," American Sociological Review, Vol. 5, 1940,
PP*- 845-67.

A sociological theory of intervening (cumulative) opportunities
is presented which may be used as a basic organizing principle
to show patterns of population movement toward oppcrtunities
even if nuwrrical data is inadequate.

-1 Strodbeck, Fred, "Equal Opportunity Intervals: A contribution to the
Method of Intervening Opportunit; Analysis," American SociologLcal
Review, Vol. 14, 1949, pp. 490-07.

This is a sociological discussion of the theory (Stouffer's)
of intervening opportunities. Re qtates that in different
situations the ratio of oppcrtunities to int.ervening opportunities
need not be constant in the best fitting formula.

Taaffe, Edward J., Comments on W. Isard and D. Bramhall, "Regional
Employment and Ilopulation Fcrecasts Via Reala:ive Income
Potential Models," Papers and Proceedings of the Regional
Science Association, Vol. 5, 1959, pp. 25-47.

This methodological conaient states that the gravity and
potential models are not representative in certain cases and
"that perhaps the approximations made with present models will be
imiproved upon by later methods.

Thomas, D.S., "Interstate Migration and Intervening Opportunities,"
American Sociological Review, Vol. 6, 1941, pp. 773-783.

Shows that large citieu tend to draw migra.ts and concludes
that it is not distance, br•t intervening opportunities which
really affect numbers of peo;le migrating from one state tn
another.

Thompson, J.H., et.al., "Toward a Geography of Economic Health: The Case
of New York State," Annals of AAG, Vol. 52, 1962, pp. 1-20.

Small section using factor analysis to describe regionalizing
New York State based on varioui indicators of "Economic Health."



-128-

SThomson, J. Oliver, History of Ancient Geography. New York, Biblo
,Anc Tannen,' 1965.

This is an histroical survey of ancient geography.

* Tobler, W.R., "Automation and Cartography," Geographical Review, €tol. 49,
1959,. pp. 526-534.

This article describes the data-processing system for map
making and also automation in data gathering is discussed.

U1.1man, Edward L., "The Role of Transportation and the Bases for
Interaction," Chapter in: Thomas, W.L. et.al., Mant's Role in
ChanAinE the Face of the Earth, University of Chicago Press,
Chicago** 1957, pp. 826-880.

This seminal work discusses fundamental concepts in transportation,
including the use of flow maps.

Ullman, Edward, American Commodity Flow: A Geographic Interpretation of
Rail and Water Traffic Based on Principles of Spatial Interchange.

Seattle, University of Washington Press, 1957.
This volume contains a description and an interpretation,

through text and maps, of rail and water traffic flows in American
domestic and foreign trade.

Ullman, Edward, "Regionol Development and the Geography of Concentration,"
Papers and Proceedings of tba Regional Science Association, Vol. 4,
1958, pp. 179-198.

Development occurs in concentrated areas in various countries.
An area mi.g:t h'ave an initial advantage for development, and thenthe advantages -.' agolomeration compound the initial advantage,

Screating further concentration of developemnt.

Voorhees, A.M., "A General Theory of Traffic Movement," Proceedings of
the Institute o'. Traffic Engineers, 1955.

Use of gra-iity model in studying traffic flows.

Warntz, William, "A Methodological Consideration of Some Geographic
Aspects of the Newfoundland Referendum on ConfederatJon with
Canada," 1948, Canadian Geograh2!er, Vol. 6, 1955, pp. 39-49.

This is a methodological paper which analysis the voting
patterns of Newfoundland for confederation with Canada (isolatel
lower populations potential areas) or for responsible government
(high population potential areas) - a geographic sense.

Warntz, William, "Geography of Prices and Spatial Interaction,"
Papers and Proceedinas of the Regional Science Association,
Vol. 3, 1957, pp. 118-129.

This is a methodological paper that s~uggests that space
and tine are more than cost incurring external frictions but
ralhor, dimensions of the economic system which can be treated
Isomorphically In the rigid pattern of mathematical physics.

L The geographical distribution of farm prices of certain
agricultural commodities are investigated.

[- - ,

[--
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Warntz, William, Toward a Geography of Price -A Study in'Geo-,Eonotetrics.•
Philadelphia, University of Philadelphia Press, 1959.

The purpose Of this study is to develop the theory of space
potential and demonstrate its usefulness as a type of methodology.

Sin economic geography.

Warntz, William, "A New Map of the Surface of Population Potentials for
the United States, 1960#" Geographical Review., Vol. 54, 1964,
pp. 170-184.

This is a methodological paper that deals with gravity models
and their use to indicate average relations of people existing
in a space continuum. For studying a geographical process as
spatial flows in econcmic and social systems, properly weighted
populations are substituted for mass.

Warntz, William, "Contribution Toward a Macroeconomic Geography: A
Review," Geographicel Review, Vol, 47, 1957, pp. 420-424.

Tries to develop concepts for aggre ative analysis of humian
behavior.

Warntz, William, Macrogeography and Income Fronts, Monograph. Series
No. 3, Philadelphia: Regional Science Research Institute, 1965.

Use of gravity model to the advance of a "f'ont" of growing
incomes and its impact on affected economy.

Watson, James D., The Double Helix: A Personal Account of the Discovery
of the Structure of DNA - Atheneum, New York, 1968.

This work gives insight into the prccess by which a major
scientific discovery was mide. It depicts the continuous
interchange between theoreti-al and empirical approaches. It
demonstrates how intuition and guesses by highly trained people
lead to clues about scientific fact that then can be checked
out.

Weber, Alfred, Theory of the Location of Industries, Translated by Carl
J.-Friedrich, Chicago: University of Chicago Press, 1957.

Classical book on the factors that tend to localize
industries. Labor, materials, market, transportation costs are
specified as major location factors.

Whittlesey, Deivent, "The Regional Cor:.ept and the Regional Method,"
American Geography Inventory and Prospect, edited by Preston
James and Clarence F. Jones. Syracuse: Syracuse University
Press, 1954, pp. 19-69.

Theory and method of regional research are discussed.
Compages, a hierarchy of compages, and a ranking of regions are
proposed as organizing factors oi regionalism,

I
!
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• . Willbanks, T.J. and Symanski, Richard, "What is Systems Analysis,"

The Professional Geographer, Vi. 20, March 1968, pp. i81-85.
This is a, very basic introduc'tion to the systems analysis I

concept. Both systems for analysis and analysis of systems are
discussed. Spatial systems and the defining of the role of
functionally important spatial variables are appropriate to
geography. Systems for analysis is not used much presently
in geography and a geographic analysis of systems is as yet
unclear.

inFonir inGor•ia ecig hreRJ n

Wrigley, E.A., "Changes in the Philosophy of Geography," Chapter OneIin Frontiers in Geouraphical Teachilng,, Chorley, R.J. and i

Haggert', . eds' .,• Methuen and" Company, Ltd., London, 1965.
Classical geography exemplified by Ratzel and Ritter;

regional by Vidal de La Blache; modern by quantifiers. Geo-
graphy has evolved to answer new questio.t, being put to it,

Yeates, Maurice H., An Introduction to Quantitative Analysis in
Economic Geograhy, McGraw-Hill Book Co., New York: 1968.

Clear explanation of basic statistical techniques with
practical examples of actual economic situations.

Zipf, George K., "The P1P2/D Hypothesis: on the Intercity Movement of
Persons," American Sociological Review, Vol. 9, 1946, pp. 677-86.

The hypothesis PIP2'n' which refers to all movement including
persons was shown here to closely follow highway data concerning
railway express shipments, telephone calls, and even airway ship-
ments in 1933 although not as closely as the other two.

Zipf, Gaorge K., "The Hypothesis of the 'Minimum Equation' as aSUnifying Principle: With Attempted Synthesis, Aeia

Sociological Review, Vol. 12, 1947, pp. 627-650.
This is a methodological, sociological discussion cf theminimum equation, used here as the assumption that work is

I.always minimized in human behavior. This hypothesis is related
to'city growth, production and generally, economic development.

Zipf, George K., Human Behavior and the Principle of Least Effort,t Cambridge: Addison-Wesley Press, i949.

This is a sociological application of the economic
principle of least effort (human bahavior is taken into consideration).
The factors tl'aL determine the location of the point that minimizes
the work of transportation of persons to materials and materials
to persons is discussod with equations.

T t.
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GRAVITY MODEL USE TO ANALYZE A TRANSPORTATION NETWORK

Data are presented in map and table form in the following pages to

illustrate some lines of inquiry which can be opened up by the application

Sof a particular statistical technique to a practical problem. This

example is offered not as a paragon of either gravity'model capabilities

or specific real-world information that is generated by the model, but

rather as an insight into the types of questions that may be answered

• through rational statistical analyses. The flexibility of statiscical

models in eliciting specialized information requirements and in the

format )f information presentation is also shown.

This brief study uses the flow concept inherent in space potential

~if analysis to study transportation efficiency in an underdeveloped economy.

The factor values generated by the space potential model (written as:

Vi I= Pt + l (") ,where Vi is the space potential at point i,

Pi is the population at point i, Pj is the population at point J, dij

is the distance between i and J, and J=1 means that the value of j varies

from l...n.) represent the "aggregate accessibility" of all masses in a

region to a given point. Implicit in the idea of aggregate accessibility,

and explicit in the mathematical formulation of the model, is the notion

of a movement of masses over a cost-incurring, time-consuming, and

energy-absorbing space. Because space potential suggests relative

transportation efficiency, the analysis appears to be valid for the stady

* The full text of this paper will ap!-ea' in the Proceedings of the Statistical

Techniques Symposium of the 21i Internatlonal Geographical Congress,
New Delhi, India, 1968.

- -



of the functional char.cteri"tices of a t'ransportation network in ' s U•stem

of economic production.

Northeast Mexico is the locale for the space potential study of.

5 transportation. A "sample factor" of production, population of the

80 most populous municipios, must flow over the transportation networks

of the region to accomplish the manufacturing operations of the system.

The ability of the tr,.nsportation network to move populations among the

nodes in the system comprises the efficiency of the network, which in

turn can be thought of as influencing the manufacturing productivity

of tf~e area.

The present transportation system, location of the cities in the

network, and the population sizes of the cities are the major factors

in determining the efficiency of the system. A compar,.son of two spac-

"potential solutions, one using straight line distance as the friction of

distance factor and the other using actual route distance, is the pro-

cedure for measuring the degree of efficiency with which each city in

the system ig served by transportation. Indirect transportation links,

rough terrain, variations In qualities of the transportation links,

configuration of the transportation network, and transportation

bottlenecks are some of the reasons why the actual transportation

system might vary from the service which could be provided by a perfect

transportation network. Efficiency of the various nodes can thus be

defined as the difference between the population space potential value

that could be attained with perfect transportation and that value that

is attained, given the actual transportation routes. The percentage
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difference between ideal and actual is the measure of relative efficiency.

S ""MAP AND TABLE ANALYSIS-

The information available through this analysis is presented on the

following five maps and five tables. Map. 1 shows the location of nodes

S(municipios) in northeast Mexico; maps 2 and 4 show the population

g space potential isolins distributions; map 3 shows the actual ttnas-

portation system; and map 5 presents the conclusions of the study,

i.E. showing the relative efficiency of transportation at each node. Tables

1p2, and 3 compare the-raw data from the analysis and array and cate-

gorize the results; table 4 enumerates and compares efficiency cate-

Sgories with other characteristics of the transport network; and table

5 reveals the centrality of each node, comparing this with other measures.

The transportation efficiency of each muticipio in northeast Mexico

can be evaluated both according to its ability to assemble the pop-

ulation of the region and to its connectivity to other centers in the

system. N'ap 5 and tables 1-4 provide the data for the former problem

Swhile Map 3 and Table 5 seumarize the data for the latter problem.

~ J aleana, (20)s for example, ranks "average" In travntportation efficiency
on Map 5, based on the fact that its population space potential could

be raised 14.60Z if it had straight line access to all other municiplos.

Table 3, hoeers ranks Caleana 16th In Inefficiency for assoubling

absolute numbers of pwoulation. Caleana could have its accessibility

Improved almost 151 with better connections to nearby major population

centers.

I Map 3 indicates poor location for Galana In the transportation

networks since it to the terminus of a major paved road extensions
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with connections to the rest of the :1et to the south, but no direct

connections to the major centers of the north. Physical centrality or i

connectivity among all nodes in the transportation system of northeast

Mexico is listed on table 5. The basic data for the table, columns

2 and 3. are summations of the distance matrix columns for each

municiplo, which represents the total distance, actual and straight

line, between the first and all other municipios. The table conveys

the idea that the more total distance necessary to connect a municipio

to all others, the poorer the centrality or connectivity. A "one"

ranking in quintile position (last column) is a poor ranking, a "five"

ranking is good. Galeana ranks number 70 on this table, the municipio

I ranking in the beat categories of both centrality listings. Space

potential and centra*lity/connectivity measures are different, but

both highly significant dimensions of transportation efficiency.

Space potential indicates that Galeana does not rank well in ac-

cumulating flows of population, while the centrality/connectivity

I measures demonstratu favorable pcsition in the region's trans-

portation net. A coutprehensive transportation advantage evaluation

of Gale~na Phovld include both conclusions, excellent location for

possible high accessibility, but needing connections to major nearby

centers.

Rational atatistical analysis thus provides information; sound

Lprofessional interpretation supplies the meaning of this Information.

ii

g
L-I.
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TABLE 2. -- ARMP\Y OF INCREASE IN POTENTIAL CALCULATED WITH STRAIGIT
LUZE DISTANCE COMARD TO POTEa4TIAL CALCULATED WITH ACTUAL
ROAD DISTAINCE, EMIUSSEM AS A PIRCENMAGE OF STRAIGHT LINE
DISTAMCE POTENTW.

Percent Percent
ancjo-Change- _fluicipiao Change

Ahualulco 40.21 Doctor Arroyo 12.73
Tamaaoyo 33.71 Gonzalez 12.42
illa Ray" 33.19 Camarpo 12.14
roctetua 32.22 Santias•o 12.05
Mexqitic 31.*58 M atehuala 11.65

M e Salin2s 30.o0 Villa Frondera 11.38
Ciudad Hadero 28.75 'San neronndo 10.M2 85
San Nicolas 28.71 Monclova 10.79S•Ramo 28.70 Riovarde 10.27

Carcas 28.37 A.tar.arz 10.27
Villa Juarez 26.11 Pars 10.16S-• Cadrea 24.43 ••~ ~ ~n.....1.4...

SOcawpo 24.16 Anahua+c 9.67

Santa Cat7rina 23.73 Monterrey 9.55
Guadalupe 2269 SaCidnns 9.43
Ciudad Fernandez 22.30.. SabKinaste dalo 9.36
Cerritos 21.35 Tarpoco 8.77Carderas 21.35 General Teran 8.57

s~aon xAtip 217.29 Ls.arzaCac 8339

Al•fredo Te•'razwi 20.58 'Mu,-,qui 8.16

Villa A15.7a 20,11 C rttdal:o 7.97
GuZaragoza 18.99 So 7.89Yxtcotencatl 18.89 ,•Valle Y'ormo.so 7.39

STula 18.76 Tow•azvnc•vla 7.25
+ "Hidalgo 18.26 Ciudad do Valle$ 7.17
LJaummv 1A. 14 Krinto 6,.89

~~~A r t e a r s 1 7 .9 8 - T o r r e o .. .. . . . . . . . 8 . . . . . .
Rawr *mo A~rispe 17.29 lrares 5.98

L Lara 1.5.72 Caereeyta Ji-ionex 5.87
SAquism, 15.42 •e1ncirco 1!r,4,:•ro 5.53
++ uadalcazaa 13.30 ACV-no 5.49

"Ciudad Mala 15.26 Pledrcr )•Vares 5.09
Rayo .... 15.... Victoria 4.66Viosca 14.82 ' , C • c~o 4.52
Central Cepeda 14.63 6ýýItll.o 3.88
Q U C ana 14.60 Sm Luld Polosi 2.85
AR nain 14,25 Mo-nt-creles 2.53

Untoa Har&a 13.23 Suavo Larodo 1.80
* Soledad 13.15 kay.)' a 1.50xiutla 13.13 flat -mv-06• 1.39

I
II"
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TABLE 3. -- ARRAY OF ABSOLUTE INCREASE IN POTENTIAL CALCULATED WITH
STRAIGHT LINE DISTANCE COHMPA2D TO POTENT:AL CALCULATED
WITH ACTUAL ROAD DISTANCE

Protent Z 111..slt Potent 2 osit

r Mui ..i&tT f r Rank& i ab Municipio Iner R - Ab

San Nicolas 34,138 ,*8 1 - 1 Camrgo 5 836 43 3- 3
Ctusdalupe 26,963 15 1 - 1 Saltillo 5,801 75 5 - 3
C Madoro 25,827 7 1 1 XI Xcotencatl 5.720 23 2 - 3
$ Caterina 17,230 14 1 - I v719 26 2 - 3
Mexquitic 16,644 5 1 'amuin 5a3 ,739 6 3 - 3

..Ahualulco 14,484 1 1 1 Aquilsmon 5,438 30 2 - 2Tampico 429841 57 4- * Liera ,151 29 2- 3

,Villa Reyee 11,706 3 1 - 1 Rayon 5,127 33 2 - 3
T=easopo 10,908 2 1-1 P-r~ e I 5.026 31 3.._

" Charcas 100338 10 1 - 1 Gen Copada, 4,875 35 3 - 4
?Moctezua 10,313 4 1 - 1 Vieca 4ý.,833 34 3 - 4
C Fernandez 10,034 16 1 - I Tamuun-
$Sallnas 9,472 6 1 - I chale 4,713 64 4 - 4
Rawos 99004 9 1- I Hante 4,512 66 4 - 4
V Juarez 8,447 11 1 - 1 ronclova 4j459 '48 3 - 4
.Ram~os V Reinoso 4,30- 53 4 - 4
Arizpe 8,313 28 2 - 1 C Valles 49267 :63 4 - 4

C•.fos 8,221 17 2 - 1 Sou Pedro 4O,31 74 5 - 4
Galeatia 7,863 36 3 - 2 S J Sabinas 4.013 62 4 - 4
Cedral 7,674 12 1-2 A.tamira, 3-995 50 3 -4
Cardenas 7,j55 7 18 *2 - 2 4"v rroatera 3,910 46 3 - 4
Artenia 7,528 27 2 - 2 S Fernando 3,835 47 3 - 4
Ocw'po 71460 13 1 - 2 %Iuzquiz 3,809 60 4 - 4
Rioierde 7s320 49 3 - 2 Sabiea 3,693 55 4 - 4

SV 1iidalgo 7,196 25 2 - 2 Victoria 3,528 73 5 - 4
SCiudi~d kMait 70146 32 2 - 2 _, 0 42 3- 4

Zl.nraoza 6,996 22 2 - 2 Cad J.tezez 3.439 69 5 - 5
SGald~cazar 6,914 31 2 - 2 Cen Taran 3.413 58 4 - 5

Tula 6,845 24 2 - 2 F tkd ero 39323 70 5 - 5
A Tartaz:a 682 8 20 2 - 2 An•zahunc 3,242 53 4 - 5
Santinsgo 6,554 44 3 - 2 " Linaves 3,240 68 5 - 5
?latehu.ila 6,5!,6 45 3 - 2 i Sabinas

x~.ýx _ Uc1"o 3,091 56 4 - 5
Soledad 6,269 39 3 M3 4 a1 2,954 52 3 - 5

SSan Martin 6,241 19 2 - 3 Pied NaSra 2,942 72 5 - 5
SGn'rxa Garcia 69,1L0O 27 4 - 3 Torreon 2,737 67 4 - 5

SV Arrla~a 6,145 21 2 - 3 ',Vey7n3a 2,227 79 5- 5
SnA LuWin 'atlfJ.ros 2.1 to0 5 - 5
Potosi 6,011 76 5 - 3 N it Laredo 1!44 78 5 - 5

xilitla " ,976 40 3 - 3 Acuna 1.613 71 5 - 5
Monttrrey 5,963 54 4 - 3 Monte-
Sauto 16'rla 5,932 30 3 - 3 caor.101 1,350 77 S - 5
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[ ~TABEL 4. -- MUNICIPIO TRANSPORTATION CHARACTERISTICS: NUMBER OF ?IUkICIPIOS
IN EACH~ CATEGORY

in
Percentage Calculatiou

(T) (C) 0)
Categories Termeuu Crossroad Middle of Route

2. Inefficient 4 2 0 2 6 3

4*:Eficient rCT) 31F
3 . Very E~fficient 4 0 4 4 1 0

I
Absolute Calculation

S~(T) (C) •
Categories. Terminus Crtsroad Kiddle of Route

S- I 3 I S I

f1. Very Inefficient 4 1 1 1 7 3
20. Inrefcient 4 2 1 2 4 2

S. Average 5 2 3 1 4 2

4. Efficient 5 0 3 2 4 0

5. Very Efficient 5 0 3 4 1 2

a I - Location in.interior of trasportation netvnrk; K Z Location
. within 50 kilometers of the border of the transportation netvork

i mo.
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COMPUTER MAPPING

The map of Linton Center ' an example of a comiputer produced

map, this example resulting from the Harvard Computer Graphics SYMAP

program. In the program, input forms are used in various "data packages"

to specify such things as shape of study area, marginal information,

number of data categories, location of data control points, printing on

the map, treatment of the data, and symbols to be indicated on the map.

With the input, the computer can produce a crude isarithmic map with

intensity shadings for the several categories portrayed. Another

"option" in the SYMAP program is to produce a map with a non-continuous

variable, in the format of discrete regions without contour lines. These

two formats handle many different types of problcms that geographers

commonly deal with. Note that the productions of regional shadings are

handled by various combinations of typewriter key characters over-

printed Co achieve a gradation of grey tones. In the future there

undoubtedly will be improvements in printing capabilities and In the

options available for producing dot maps and other useful types.

One major contribution of the computer produced map is that the

computer does the laborious task of map compilation and rendering of

results. These two related functions are really techldcal rather than

professional in nature. The computerzthus provides the invaluable

service of freeing the professfinals for their major role, the de6lgn of

I ,
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data inputs and the interpretation of results. Thus computer and

scientist are joined in an information-interpretation system best suited

to the present capabilities of each. Speed and ready recalculation of

stored information when new data becomes available are other important

ýT[ computer advantages. When efficient regional data storage banks are

Savailable, it is possible that continuous updating of information on

Splaces will permit "almost-up-to-date" maps at the touch of a proper

button. One major bottleneck in the SYMAP program is the time required

to feed the information inputs to the computer. This problem is currently

under study and perhaps voice, machine scanning by a television-like

camera, or some other suit4ble input procedure will soon replace the

input forms that must now be completed by hand.

f

Il
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